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SECTION L 

AMONCS^ the inftances and experi- 
ments produced in my public Courfed 
t)f Cbemiftry in 1774, to illuftrate my no- 
tions of the polarity of' matter, divers mix- 
tures of lime land and water, were parti- 
. cuiarly cbnfidered 1 and thefe being prcfervcd 
and methodically arranged, according to the 
plan of this fchool, - foon fuggefted to me an 
enquiry which I have profecuted with great 
attention ever finee that time^ 

As the ftrehglh ind duration of our moft 
ulefyl and expenfive buildings depend chiefly 
on the goodnefs of the cement with which 
they are G0hftru<3:ed, I looked to the im- 
provement of mortar as a fubjedl of great 
importance, in this country particularlyji 
where the weather is fo variable and trying^ 
and the mortar commonly ufed is fo bad, 

B that 

Digitized by LjOOQ IC 



-- -- . t » 1 

that the timbers of houfes laft looger thaii 
the walls, unlefs the mouldering cement be 
frequently repliu:ed iij pointing. - But feeing 
that many years are requifite for the greateft 
degree of induration which cementitious 
mixtures Kke inortar can acquire, or for 
our difcovering the imperffedlions'^ of them ; 
^d that the; life x^ man is too ihort to allow 
.any.'Confiderable improyements of them to 
-fee: derived from fuch expejingients as had hi- 
therto been made, I refplved in the begin- 
mng'C^ the year i'775 to inveftigate more 
idofely than^I had hitiierto done, the prihci- 
tplesjoQ which the induration and ftrength of 
cakmjrious cements, depend ; not ^ doubting 
that ttus .would lead me. by an untried path 
to recover or ^ to excel the Roman cement, 
which in aqueducts and the mod expofed 
ftruftiLires 4ijis withftood every trial of fifteen, 
hundred or two thouiand years. 
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SECTION n. 

Experiments and Obfcrvations 4fn himt^fiont 

Ma LMi€^ i ... 1.. 



I Had already learned from the cbafte^ and 
philofbphic produftions of 'Dt>. Blacky 
'that calcariotis ftones which burn to Ihne, 
contain a confiderable quantity of the etaftic 
fluid called fixable air or' acidulous ^as, 
which in cornbination with the earthyonat-^ 
ter forms a great part of the maf&.and 
weight of thcfe ftones^; and that the jdif- 
ference between lime-tftotee or chalkr and 
lime, copfifts chififly in the retention or ex- 
puifioh of this matter: • ^■ 

Expecting to learil 'fi)mething further 
relative to liine, and particularly, to difcot^r 
the caufe of the differences which appear '*in 
cements made with different kinds of lime, 
I made the following experiments. • ^ 

I PROCURED fpecimens of different kinds 
of lime^-ilone and chalk, and breaking tliiem 
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iQto {mall fragments, I burned them in cru-*- 
cibles lin^d 'with lime? to prevent the pieces^ 
from touching their crucibles and vitrifying at 

thofe fiirifaces which l^ next to them : I Hkc- 
wife burned the like fpecimens in crucibles 
perforated to admit a free current of air 
through ftheto ; ?ind Jaftly, I expofcd thwe 

,|)ouhds.of ' either fpccimen to a graduated fire 
in an earthen retort which wat barely fuffi* 
dent to hold this quantity, and whofe neck 
I lengthened by fitting to it a glafe conical 
tube luted at the juncSlure with four parts of 
lime one of fine fand and as much diflblved 
ghie fuch .as.the carpenters ufe, as was 

^ fuificierit to fo^m a pafte ; having found this 

-Juting to hold faft and to be impervious to 
any elaftic fluid or liquor expelled in fuch 
procefles. I immerfed the extremity of the 
jf^a&txAK in mercury, and inverting a bottle 

- filled with mercury over the cxtrenrity of 
Ac tufee, J rQC?iv«4 whatever water or elaf- 

,:licMiuid was. expelled from the calcarious 
ftones by the fire, and I meafured the quan- 
tity of thefe by inftantly applying a frefli 
bottle a? foon as the former was filled. 
When all riie water was expelled, or when I 
fcnew the quantity .of it contained in the 

yGc^me- 
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limec-ftone or chalk, I ufed a t>afoii of watcip 
atid ^ottlei fillefl with.watei", txwking allow- 
ance for the inatter imbibed by the water. 

Ta avohi a tedious detail of particulars 
which do not innn/ediately relate to the chief 
objeft of this eflay^ I fhajl only mcntioA 
fummarily the moft pertinent oblervations 
which thefe and other experiments afforded ; 
endeavouring that ;he terms in which I 
fhall deliver thefe observation^ (hall defcribe 
the experinients fufficie;ntJy for thofe who 
^e Jifiqjttaipte4 wkh modern ghemiftry, 

' O^B g E R V AT I ON I. 

•LjMB'! STONE or chalk heated only to red- 
aefs, in a covered crucible, or in a perforated 
crucible through which the air circulates 
freely, Jopfes wly. about pne-fo«rth of it's 
weight, however Jong this heat be continued. 
The lort of lime fo formed effervefces confi- 
derably in acids, flakes flowly and partially 
to a powder which is not white, but is grey 
jQx brown,', and heats ^ut little in flaking. 
.\ 

I|? defcribing heats I do not regard the 

}ieat in particular parts of the fuel^ but 

B 3 only 
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only that which the bodies. . themftlvcs 
arc made to conceive -cquaEjr throu^ : iheir 
whole mafs, whether they be in veflels 
which defend them feonfiddrably .from the 
aftion of the firr, or fully expofed lo it by 
their immediate conta6l with the fucL 

Observation, z. 

LiME-sl'ONE or chalk expofed to a heat bare-* 
ly fufficient to melt copper, whether in a 
perforated crucible or otherwife, Ibfes about 
one third of its weight in twelve hours, and 
very little more in any longer time. This lime 
efFervefces but (lightly in acids; it heats 
much (boner and more ftrongly than the 
foregoing, when water is fprinkled on it, 
and it (lakes more equably and to a> whiter 
powder. In a variety of trials, this lime 
appeared to be in the (ame ftate- with the 
heft pieces of lime, prepared in the com- 
mon lime-kiins. For the quantities of aci- 
dulous gas obtainable from both .by a 
ftronger heat, or in Ablution, were -nearly 
equal ; they flaked in equal times, with the 
fame phenomena, and to the fame colour and 
Condition of the powder. . ^ 

O B s £ R- 
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OBSBRVAXraM. 3, 

The lime burned in; perforated crucibles^ 
or in the naked ifire^ is whiter than that 
burned ir?. common .crucibles; <:overtd, in 
which cafe the air has not fb, free accefs to it ; 
altho* thftlofs of weight be thd faqie in both ;. 
but this ktter kituL o£ lime, hr flalfingy 
stffords as white a powder as any\ other 
which has loft e<|uaUy of its weight. :-> What- 
ever portion of pM^ifloni it. retains to pr^ 
ducc tliis dulky cdoCi*, -iseitberrdfatached^in 
the flaking^t o^ dow^ttot fehfibly affi«9j the 
lime ill any ufe, to if^hidi, I applied iti.' 

OBSERVATIQiN, 4.. 

When^ dry chalk or lime-ftone is ufed^ in 
the procefs above : deferibed for^ making lime 
in clofe vefTels, and fof.et^miningtheTmatter 
which is expeikd byfire, jhiB^ quantify -pf 
water obtainable fnm it by any heat^is fo 
mcondderable as. toid«&rye jiprnodc^in^r 
tnenfuration of that 'matter^ ; j ♦: _. ^ ' 

O/BSERVATION. 5. 

Chalk: or lime-ftone heated gradually in 
thefe clofe veffelfe^, lollbs very little acidulous 
gas until it begins to redden : after this, the 

B 4. elaftic 
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eiaftic fluid iflucs from it the quicker is th« 
heat is made greater,* and continues to iflue 
until the retort glows with a vivid white heaj; 
fufficient to melt ftcd. / 

Obsebvation. 6 \; V. 
Forty-eight ounces of chalk yield jtwen? 
ty-one ounces of eUftic fluid, the firft pof- 
'tions of. which are turbid as (hey iflue, bijl; 
icon become clear without Ipfspf-I^ulk, by 
the condenfation of the! watery y^pour: the 
remaining portions ifliie tranipar^nt and in- 
vifible.. 'One thirty-^fi^^h pf thjis.el^ftip fluid, 
and fometimes much more of it, is phlogiftiq 
air, the remainder is pute a<ftdillous gas. 

Observation. 7 
The refiduary lim^ of forty-eight ottnces 
of chalk, urged with fuch heat to the totel 
expulfibn of the eiaftic fluids^ weighs onJy 
twenty^ieven Ounces, whilft it is red hot. 
When it cools it weighs more hy region pf 
the air which it imbibes as the fire efcape| 
from It. 
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Observation 8. 
WuEN no more heat is employed than ^^ 
jieceflary for the expulfion of thefe elaftiq 
fluids, the refiduary matter is found coq^" 
jraded/enfibly in volume, axid is goojd lime, 
fho' not (b white as lime prepared in the 
ufual way. With water it flakes inftantly, 
grows hilling l)pt and perfeftly^ white. The 
flaked powder is exceedingly fine, except in 
thofe parts of the lime which lay in contaQ: 
with th^ fetort, which- are always fuperfi- 
cially vitrified, becaufe clay and lime pro- 
mote the vitrification pf j^ach other. 

Observation 9* ' 

The lumps of this linae; immerfed^ in lime- 
water, or boiling water, to expel the aV 
\vhich fuch Ipongy bodies imbibe in cooling, 
diflblve in marine acid without fliewiqg any 
fign of efi^ervefcencci ' 

Observation 10. 
iLiME-STON^ or chalk gradually heated ir^ 
a crucible, or on the bed of a reverberator/ 
furnace, or in con^a<3t with the fuel in. a 
wind furnace, does not become perfe<3Jy 
jioilefiervefcent qnd limilai: to the lijne Jaft ^e-r 

fcribed 
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icribed, irt flaking inftantly, and growing 
hiffing, hot when water is fprinkled on it^ 
until it has, after a ftrong red heat of fix or 
eight hours, fuftained a white heat for an 
hour.or more. I underftand by a white heat, 
that which is fufficient to melt xaft iron 
compleatly. 

Observation, ii. 
luME-sTONES heated fufficiently to reduce 
them to lime which flakes inftantly witb 
the figiis above defcribed, and which is 
perfe6tly nonefFcrvefcentj do rK)t in general 
Jofe fo much of their weight as chalk-ftone 
does,' under the like treatmenr* Some lirae-^ 
. fioneslofe little more than a third of their 
^weight. . Thofe which loTe the moft,, 
flake the quickeft and. to the /inefll pow- 
der; and thofe which lofe the leaft, flake 
the floweft and to a gritty powder com- 
pofed of true lime and particles chiefly gyp-^ 
feous. 

• ' Observation, iz. 

The- quantity of gypfum, or of other 
earthy im^tter in well burned lime, is ilifcover- 
ablety weak marine acid; for this diflblvcs 

and 
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and wafhes away the lime, leaving the gyp- 
funa tp^ be iiieafured when dry, the part "of 
the gyprum whicK diffolves being too Iftiall 
to deferve any attention ; and if any other 
earthy matter or any faline matter eiifted in 
the lime-ftone, it vitrifies with part of the 
calcarious inatterllh' the heat neceffary for 
makiiig floneiFervefceht lime, and is ifeparable 
by the means laft mentioned, and even by a 
fine fieve iii moft inftances. 

Observation. 13. 

When lime-ftohe or chalk is fuddenly 
heated to the higheft degree above defcribed, 
or a little more, it vitrifies in the parts which 
touch the fire yeffels, or furnace, or fuel, and 
the whoip of it feebonies* incapable of flaking 
freely of a£Ung like li'me. Lime-ftoiie is 
the more apt to Vitnfy in fuqh circurri^ 
ftances, as It contains more gypfeous or argilla* 
ceous particle^; and oyfter-fhells or cockle- 
ihells vitrify more eafily than liine-ftbne ht 
chalk, when they ' are" fuddenly heated ; 
which I itopute to their laline matter ; for 
when they are long weathered, they do not 
vitrify to eafily* 

. ■ , ^ ■ 
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,. ; Observation, 14. 
Thb ,9g?ncy.of air is no further neceffarji' 
in the prepajrajtion of lime,' th^ as it opefates 
]n the ^Qijibuftjoii of the ftieL 

P.BS5RVATI.0N. 15. 

Ca^^carious ftones acquire the properties 
pf lifpe ja tl^e moft emintf n^ degree, when 
they arc flowly heated jii fmall. fragments 
mntil they appear to glow with a white heat, 
when this is continued until they become 
noneffervefcent, but is not augmQpted. ^J^he 
l^rt of preparing goodjifjie qonfiljs chiefly iii 
' jhefe pairticulars. . ' . . 

, OrSE R.V a T I N , 16. 

That linjieHs tb.be accounted the pureft 
and fitteft for experiment,' whether it be the 
J^eft for mortar or niof, . which flakes the 
quickef^ and heat? th^ moft in flaking, 
which is whitefl; and fineft wheq flaked, 
. which when wetted with lime-water diflblves 
jin marine acid or durilled vinegar without . 
efFervefcence, and leaves the fmalleft quantity 
of refiduary tmdiflblved matter. 

. . > O B s E ^n 
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/Observation 17. 
The quick flaking, the colour of the 
Haked powder, and the former acid, are 
the moft convenient, and perhaps the beft 
tefts of the purity of lime. The whitenefs 
denotes the lime to be free from metallic im- 
pregnation; the others fliew any imperfec- 
tions in the procefs of buming, and the he- 
terogeneous^ matter infeparable^ ftook the 
calcareous earth by burning. 
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S E C T I O N III. 

snad8.u(m chalk: o^.jlimeirftpne, ( ceTolved to 
examine the elafticJlHid 4?t?Ci^c4 fcoxn them 
in the ufual method. 



I extricated feveral gallons of elaftic 
fluid from chalk» during the folution of it in 
marine acid diluted largely with water ; and 
after agitating this elaftic fluid with the necef- 
fary quantity of water, and fometimes with 
lime-water, until all the acidulous gas was 
imbibed by them, I found a refidue con- 
fifting of common air, which was about one 
twenty-eighth of the bulk of thp acidulous 
gas, in fome trials^ in others it was much 
iefs. . 

As I have not had tim^ to examine lime- 
ftbnes in the fame manner, or to profecute^ 

this 
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this fubjeft by other experiments, and as it 
does not appear fufficiently intere^ing in our 
prefent enquiry concerning calcareous ce- 
ments, I muft content myfelf with offerttig at 

conjefture concerning it* 

The air which is extricated dunng the fb- 
lution of chalk, feems to be that which 
chalk, ' like other porous: b6dies, imbibes by 
capillary attra£tion ; and it retains its proper 
charader, becaufe all the phlogiftic matter 
of chalk is held in the folution* It may 
happen Ukewife that Ipme air efcapes from 
the water whilft it imbibes the acidulous 
gas, which it attracts more forcibly; and 
this air from the water may contribute to the 
bulk of that which appears in the fblution of 
calcarious bodies. But whilft chalk is de- 
prived of its acidulous gas by the action of 
fire, the. air which was held in its pores, 
and which attracts phlogifton, is expelled in 
combination with phlogifton, and conle- 
quently in the form of phlogiftic air ; and 
the air contained in the pores and in the 
cavity of the retort, contributes to the bulk of 
the phlogiftic air obtainable in this manner* 

This 
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This conjcfture appears the more probable 
^vhen W9 confiderj that the quantity of air 
imbibed by porous bodies is much greater 
thM it appears in any experiments made with 
the 2ir pump; as I Ihewed in my public 
courfe of chemiftry in 1776, by the great 
increaie of weight, which red hot charcoal 
-acquired in cooling in veflels into which 
nothing ponderable but air was admitted^ 
The fame attractive powers which draw air 
into bodies, and condenfe it in them, . refift 
the expanfion and efcape of it in the void ; 
and detain, in fuch a fituation of the bodies, 
that quantity, whofe repulfive powers are 
• countcrpoifed by the attradive powers* 
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^ E C T i O N IV. 

^periments Jhewlng that Lime is better' for 
Mortar as it retains lefs acidulous Gks^ and 
Jbewingfome of the Cau/es ff ^e ImperfiSion 
of common Mortar, :. . . 

ON divfers fconfiderations It appeared to 
riie, that the perfection of limQ for 
iBortar con{^fts chiefly in the total eipvJfion 
bf the acidulous gas ; but to be better fatis- 
fied of the truth of this opinion, I made fe- 
Veral parcels of mortar, the defcription of 
which will be abridged byobferving in .this. 
place coneerijipg. all of thpiPi^that the fand 
epiployed was coarfe Thames. faild,' fuch as 
I ufe in niy fand baths ; that the linae was 
flaked as foon as it todled after being burned, 
and with the fndalleft .Quantity of water ne- 
c6flary for ehis purpofe ; that it was fiftcd' 
thrbugh a fine brafs wired ficve a3 foaa as it 
was fully flaked ; itid that each parcel d/ 
tnortar was beaten and briflcly formed ivith 
the quantity of water which was barely fuffi- 
cient to give it the ufual confiftence, which 
^ -t C quantity 
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Sand, ^ — - * — , ^ 

The foregoing lime, * .-^ • I 

Water, q. f. 

Sand, — — -3 

Imperfect chalk lime defcrlbed in obf. i, 

fed. 2, ^ -^ ^ ' . ■— ,;j; ,* 

Water, q. f. , - 

12. 

Sand, — — • 6 

The laft n>eatIoned lime . . — .j,:i 

Water, q.'.f. • .--.': '-''..i;' ' 

Th£ lime of the 9, 10, 11, and lajfpp- 
cimens was flaked whilft it was hiffing hot, 
in a covered veflel ; ' becaufe it would not 
flake fufBcSehtly when it was fuffered to cool 
before the water was ^rlnkled ' on it, or 
^ when it*s heat was foon dlffipated by a free 
€xpofure to the air and hafty evaporation of 
^ the water ; And as this lime required feveral 
*^houis.to>^flak^, I'put it into a bottle, as foon 
as It was cool, and kept it well ftoppecj for 
twenty-Yourliours before I lifted it. 
" ::3 .ex - ; ^ At 
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r. • Aft the fame time I made two fpecimcnfc 
of mortar with common chalk lime and fahd 
\m the foregoing manner. . ^ 
%•'••■ . . .' 

Each ipecimen was Iprcad as fbon.as, it 
-was made, ' to the thicknefs of half an inch 
on a plain tile previoufly. fbaked in #ater; 
the tiles 'were numbered .and kept clofc by 
each other in an airy part of my elaborntory 
until the mortar was dry, and then they 
were equally^ expofed, ftanding upright, in a 
place .where the air fun and rain had free 
accefs to them. 

: In; the amife of fourteen oir fifteen months 
thefd fpedmens affi>rded me.a great. deal of 
iofbrmation, which will be noticed in due 
time .; even in the firfV fix months they (hewed 
me clearly tbat.lime is the better for mortar 
as it' is ifiore perfedly freeid from acidulous 
gas. ' F6r when the comparifon was made 
between fpecimens of mortar confifting of the 
fame quantities of lime and fand, X found 
that the mortar made with well burned non- 
efferyefcent lime, hardened fooner and to a 
louch greater degree, than mortar made with '^ 
conrnion liipe or my ftone or chalk lime 

C 2 burned 
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ittmiedih diexiunner bxprcfled 'A tUe &6on4 
idfb&^atioa of the ieoond fedion: land the 
{pecimens iqade with jdie.Acfiifi'orxibalkliii^ 
which was leaft burned, were incomparably 
^offe than any of tht others;: for; they never 
iaequirad any coafidefabk hardnefs, .and they 
tAoUldered ia the winter, the (boner as they 
cdntiiAed more* of the linicandcracke4'tnore 
ill dtyitig. 

I qbfe^ed that thd fpediqens ^Hiiph • oom 
tained the (mailer quantities .of tweil/bume^ 
lime cracked much lef3 than theiodiMFs; drnot 
at all ; that they adhered to the tiles niore 
fif tnlyy and werr lofs ilv)iurfed by Ifreezmg" ; but 
ts the fpecimens made with an cxcefatpf tht 
beft buifned lime Wtife/not niare cracked that^ 
thofe ikiade with equal quantities of the :othef 
kinds of lime, and as i opu^ dlAiiigui& theim'i 
perfeiSiQnsarifit)^ froita th^etcefsof iime^'ftctt) 
thofe which pfoceeited fixktnr^b ba4 ll^aKty 
of it^ I wfts fatisfiftd. that thedimqlwhiich i^ 
iboft co&ipleatly burned \$ ^ beli ffir mqrt^rt 

CofcsjDBRJuw? the heatj which J found ne-!^ 
fffeflary to extricate the laft poitions of afeidu-* 
Icms igai fron; dhalk tsr lime-ibne^ to be mut^ 

greater 
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greater, than rwjbat is ever excite^ in msJtjog 
lime in this country or elfewhere, {q far as i. 
had obferved or could learn from others ; I 
fufpeded ' that - the lime commonly \iled in 
building is feldom or never fufficie^itly burned, 

. On repeated trials of feveral Ipe^inaens of 
fuchlime, I found this fufpicion to be well 
founded, , for they aU effervefced and yielded 
acidulous g^$, more or lefs, during the folu- 
lion of them, and , flsik;ed . flowly in compa- 
rilbn with welJj' burned lipie, 

l^o rendpr the efFervefcence confgicuQijs, a 
flrgng acid. ought. tQ be, ufecj, beca]ij|fe, the 
cju^ntity of water in ^ diluted acid, >(?t^iM.il 
proportional ^are of tl^e .lacldulou? gas,:'?n(l 
a certaifi quantity will f(^t^n. the wUple^of i^ 
^nd prevent. the effervefcenc^ ;. l?ecauf<j^th^,efr 
fervefcence depends on tne efcapc of the elaftic 
fluid out of the folution* This is exemplified 
in the ipixtvire of diluted vitriolic ^cjd y^jth 
the diluted iplutiopi of fait oftartar^ lately re- 
commended as a medicine by .Dr. Hulnje .: foi; 
thefe foj unions mix without effervefcencp j 
although ^ piore concentrated Iplution of the 
C4 alkali 
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alkali mixed with yitfiolic acid efftrvefces' 
violently. J - '. 

By federal . experiments, the relation' of 
which is -not neceflTary forthofe whoare'in- 
{Irufted ip chemiftry, and would be uninte- 
reftiiig to others, I found that the chalk lime 
iifed irilJondpn,. when tak^n asfrefli as it can 
he ha^ at 'the lime- wharf near Blackfriars*' 
Bridge^ ceniifts' (Jf ^ pieces 'which being thei-^ 
Heft burned contain, efpecially in theii: ceil-* 
tral parts, about otie- twentieth of their weightr 
of acidulous gas ; of others which contain 
more;' arid pF others Which retain near half 
thte^r^ "brigirial quantity; that thefe' laft are 
^afiJy ' 'difcoverable by their Ipeid ific 'gravity* 
adid hSrdntfs ; and that this is the part of 
OurCbnimoh lime',' which flakes ^thalateft and 
of tfre'dulkieft cbiotfr, cr which rieV-ef flakes- 
at all. • _ ' ' "" ' 

On a peck of this Iim6 I fpririkled watei^, 
endeavouring to fl'ake it equably T>ytKfowing^ 
the mpft water on thoie pieces which re-? 
quired it moil. After the liihe' had ftood a 
quarter of an hour, to flake, Iflfted it through 
a fieve whofe apertures were fquares of one 

fixteenth 
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lixteenth ^f an Inch ; and then tneafurihg 
di* part Which couM not pafs throxigh the* 
ieve, I foUnd it to be aliaut one iifth part of 
ia peqk. • 

r JpTiiifeled SoilTng water on this ^oarfe 
part, and put it in a clofe veflel in a' warm 
jSlace to axxtrlcrate the flakingW it. • ' 

I iriade.a parcel of mortar with one part of 
the fifted lime and three of* fahd^iath a fufE- 
cipnt quantijiy of .water ; and another parcel 
with 'one part of the lime fix of fand and the 
peceffjry quantity of water; and I tried 
theinupbo tiles in the manner already i-elated^ 

inthe "iponth of Aprll^ the weather being 
dry: -'• •:'• ■ '^ '■•-' • .••:::•-; rr i 
.* ' - : ^-'^■■' i • - .'.V 

The fpregoii)g coarfe portion of the lime, 
after three hours, was flaked in feveral parts 
Xo a greyifti powder, and I could perceive 
that more of it 'w^nld flake in a longer 
^imet ' I anticipatedtliis by reducing the un^ 
ilake4 {)art to powdier and mixing them toge- 
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7 WiirHi.this i>ow4fir ^nd f^jnd a^nd waterii* 
the fcircgomg ptoportioii^L.I made tw^jjfpecih 
mens^of.mdrtaiv and expofed Jtliefl* aa I.i^a^ 
done by the former. . . j 

. In a few months it appeared that the ffc^ 
^imej>sjaft moitioned fcarcely def?i:vedthe 
name of mqrtar ; whilft thofe. ntada.witH.tbs 
firfl: flaked part of the lime, were but little 
iuf?jio^ tpthe beft fpecimens made with the 
{amei proportions of Qh^XK iinae 4p4 ^jsdi ^ . 

i^ ••: • •- . ;■-•:. ■•• '• ^ -j.... /;« J.. •:: 
,, Thesb e^perir^ents cgnfir^^'d mein,^ 

<).pimoif t^at lime is the better . for njwortar 

as itis fret^r from acidulous cas ; i^ey fhewod 

one of thp caufes of the badjiefs of our com-i 

mon mortar ; and how-to manage iU-biirnt; 

lime, when better cannot be bad, 

. .The workrpen r ufually flake t^e^ fime 
mixj^xlwifh the faud pr travel in^reat teaps, 
^nd ()p .npt; flcreen it until the mioft xifeful 
part is debafed by that which flakes softer fiv.e^ 
or fix hours. or more, and which is litjlp bet?* 
ter than fo much powder of chalk, 'But if 
they would flcreen the lime in about half an 
f hour 
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f»oftar would be mwh bettfer^ .flith.Qiugh' the 
q^^ntit^ jflrf^ lime ia it ibouW be.muckriefij 
for I obfevisdift all the foregcnng fpeqimeriSt 
that thofe which, rcant4in^ xh^ rmalleft 
quantity of Ume were the beft; and this 
quantity is much fmaller than is ufually em* 
ployed in making mortar. 

These ren^arks are applicable to mortar 
made with ftone-lime ; though the ftone-lime 
be generally better than the chalk-lime ufed 
jn London^ becaufe they are obliged to bura 
jt better, as it will not flake otherwife. 

In the brief relation of thefe experiments I 
have taken no notice of the flint kernels which 
frequently occur in chalk-lime, or of the 
other ftoney mafles different from the cal- 
carious, which are found in lime-ftone ; be- 
caufe I took care that they fliould not lead 
fpe intp an^ errors. 

When firfl: I noticed the quantity of chalk- 
Jime which flakes lateft or not at all, I fuf- 
pefted that this difference might in fome de- 
gree be owing to the admixture of argillaceous 
• . \ pr 
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c* 'Other ^matt^r i but' on tr yirfg • theft ^zttsih 
atids', ,ahcl after buniirig fcverk! fpeCTriiefe^'df 
them, ' I was^^ donvinced -that the '^yiy • impc^ 
4jitn^nt t(5 rfheir flacking co^fifted 'in theit 
not being fuffickntly burnt in'the^kilril 
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SECTION V. 

Expermentsjhewif^ how quickly lime imbibes aci* 
dukus gas, and is injured iy Expofure to Air i 
FraElical Indudtions^ &c. 

IT was already known that lime expofed 
to air gradually lofes thofe charafters 
which ♦ chidfly diftinguifh linie from whiting 
or powder of chalk, and that it refumes the 
acidulous gas which had been expelled froiA 
It inhuming. But as I was defirous to know 
in what meafure or time thefe changes take 
place, and in what circumftances they are 
accelerated or retarded, I made the foUoWing 
Experiments. 

On the 22d of Auguft 1776 1 expofed two 
pounds avoirdupoife of well-bumcd noneffer- 
vefcent chaBc lime, in fragments of the iiz^ 
of a walnut fpread on a. board, in a dry un- 
• fiiequented^ room. I expofed the fame quan- 
" tity of this lime, at the fame time and in tile 
fame manner, in a paflage through which 
there was a conftaat current of air ; and I 

put 
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jput the fame quantity of this lime, in frag- 
ments of the fame fize, in a box which might 
hold as mu^ mjore43^it,jah<i placed the box 
loofeiy covered with its lid, clofe by the firft 
jpt)rtibh of fithe*' . ^ ' 

In 24 houjfs the fuperficial lumps of the 
l^fft parcel crracked iu foine partsalittlq, thofe 
pf the fef oad 'Crackecl morcj thofe of the 
third were, not vifib).y altered* In fQi;t3^-eigh^ 
hours the .firji, parcel cracked fo iniaclt as-Jt9: 
fall into . fnialler fragments on being mwt^^ 
and thdh weref reducible to powiler^by pxe^ 
iing them betweep the fingers -: ,The fecpud 
parcel. iindierwqnt the like or rather a greater 
chanjge, .forit was, more cracked, ^d fripbJeV 
^he third now begun to crack ha the fji* 
perficial parts. 



^ <5n weighing them, I fouucj ih^t tl^e fiffl^ 
parcel weighed two pounds fiv:e ounfps,. t^ 
^fecQiid twp pounds fu pwmce^atxd pne dr^chp^^ 
^the third two pounds one oitnce.tegi.drachBjfJ 
i tl^en.retunje.d tham tp th^ir former il?* 
tion.s, ... ' ^ - ". ; r. -, , . ■ 
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th iix dsf s the firft parcel weighed two 
pouhds ten ouhces feven drachms; the fe- 
tohd^t^d pcuiids ' tw'elve ourices ohe drachm; 
thfe^tKhl two pounds four ounces eight 

dr&dhitts. ^ . ." . I 

» ' . ,1 

lii tWenty-one days the £rfl: parcel weighed 
three poiinds one drachtai ; the fecoitd threi 
potmds two ounces one drachm and a half; 
the third two pbunds fiic ounces eight 
drachms. 

t)trKmG this increafe of weiq;ht the frag^ 
ments fplit into frralier pieces, but did not 
fall into powder, except in a fmall part of 
them, or whoi they were handled. 

By fimilar ei:periments made on well burned 
ftone lime I found that this imbibes mattef 
from the air nearly in the fame manner a^ 
chalk lime, but rather more flowly ; which I 
thmk i&s^^^g to its clofer texture. 

On expofing common chalk or ftone limd 
in the fame way, I "find that it increafes iii 
weight much lefs and more flowly. 
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. To dikpver the quantrty of water which d^ 
lime imbibed: frpm , the air, . and wj^icli conT 
tribute.d to t)iis ^^c^e^fc of weight, J.p,i|tj5^eh 
parcel in a.glafs retort ; and^adjuftingj toi| 
my apparatus whereby all that is -con-; 
denfible is faved, whilft elaftic fluids are at 
liberty to efcapi^^ I found that the quantity • 
of water ..contained in each parcel of lipf^c, 
was nearly in fome, and in others -accu- 
rfrtely one-twenty-^urth of . the , ;gaine4 
weight, the remainder of the weight gained 
was of acidulous gas mixed with a little air, 
which latter I do not reckpu, . becaufe .it was 
already weighed in the lime. 

) , 
If a glafe bottle be filled with fragments of 
well-burned chalk lime, ' or ftone lime, or 
Ihell lime, - and. well flopped with- a ground 
glafs ftpppje .fligjitly waxed where jt |jts.th« 
neck pf the bptde, the limewiil remain, un- 
altered, in weig|it, ,or in "any other ^nown 
particular, for a year pr two-4; .. as I have re- 
peatedly experienced : even the phofphoref- 
cecrce of lime is :tlius, preferred in its.<uU 
luftre, for a ye^r pr; .pR^rp. ^ . V, ..,„\:f . .;. ,.: 

Thus it appeared that well burned lime 
-r. imbibes 
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knbibes acidulous gas from the air, the 
Iboner as It is the more fully expofed to ^ 
it : that lime imbibes this matter from the 
open air, the more greedily as it is more per, 
fe6lly deprived of it previous to the expofure : 
that lime camiot be long preferved unal- 
tered in any veffels which are not perfectly 
air-tight,, but may be kept uninjured for any 
time in air-tight veflels filled with it: that 
chalk lime, by reafon of its fponginefs, or 
by fbme other condition of it, requires to be 
kept lefs expofed than ftone lime, and well 
burnt lime lefs expofed than common lime, 
to render the depravation of them equal in 
equal times : that if acidulous gas imbibed 
by lime previous to its being ufed in mortar, 
be as injurious to the mortar, as the acidulous 
gas retained in equal quantity by ill-burned ' 
lime is, lime grows the more unfit for mortar 
every hour that it is kept expofed to air, 
whether in a heap, or in calks pervious to 
air. 

I THINK moreover that thefe experiments 
fliew that lime undergoes thele changes by 
expofure, much quicker than has been fuf- 
pefted ; fince well burned chalk lime kept in 

D a 
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a dry room, imbibes near a pound of acidulous 
gas in three weeks, in the fummer feafon. 

Not tp truft to theory what I could prove 
by experiment, I did not reft fatisfied with 
the pbfervations and reafons which might 
periiiade one that lime, which has imbibed 
Ibme acidulous gas, is as unfit for the ufes 
now under confideration, as lime which re-? 
tains an equal quantity of the like matter 
by reafon of the deficiency of heat in burn'!- 
»ng it, 

I TRIED parcels of well burned chalk and 
ftone lime, fome of which were ufed frefh, 
others expofed two days, others fix days. 
Others twenty-one days, in the fame circupi- 
ftances ; by making feveral fpecimiens of 
mortar with them, and expofing the fpeci- 
mens in the manner already related : and in 
a few months I was fatisfied that the fpeci- 
mens made with frefh lime were the hardefl 
and heft, and that the others were worfe a§ 
the liine of them had been longer expofed : 
for thofe made with the lime which had 
been expofed three weeks and had gaine4 
fpur or five ounces to each pound, were fa 

e^ifily 
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calily#cut or' broke, fo much afFefted by 
moifture and drying, and fo liable to break 
off from the tiles, as to be utterly unfit for - 
the ordinary ufe5 of mortar. 

After this there remained no doubt that lima 
grows worfe for mortarevery day that it is kept 
in the ufual mann'er in heaps or in crazy calks j 
that the workmen ar6 qiiftaken in thinking 
that it is fufEcient to keep it dry ; that lim^ 
may be greatly debafed without flaking {tit" 
fibly ; and that the luperficial parts, of any 
parcel of lime, which fall into fmall fragments 
or powder without being wetted, and merely 
by expofure to air, are quite iiiifit for mortar ; 
(ince this does not happen until they have 
imbibed a great deal of acidulous gas. 

I NOW faw more clearly another caufe of 
the imperfection of our common cements. 
The lime being expofed a confiderable time 
before it is made into mortar, and drinking 
in acidulous gas all the while, ' the quicker as 
it is the better burned, is incapable of afting 
like good lime, when it is made into mortar ; 
and often approaches to the condition of 
whiting, which with fand and water makes 

D2 a 
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a friable pcriihable mafs, however carefully 
it be dried. In London particularly they ufQ 
lime which is burned, at the diftance of ten 
or twenty miles or more, in Keat and elfe-^ 
where, with an infufficicnt quantity of fuel, 
This lime remains in the kiln, to which the 
air has accefs, for many hours after it is 
burned. It is expofed for fomd days in the 
tranfportation, and on th. linje-wharfs ; and 
it undergoes , further expofure and carriage 
before the artift flakes it for mortar. It 
is no wonder that the London mortar is 
bad, if the imperfection of it depended 
folely on the badnefs of the lime ; fince the 
lime employed in it, is not only bad when it 
comes frefli from the kiln, but becomes 
worfe before it is ufed, and when flaked is 
as widely different from good lime, as it is 
from powdered chalk. 
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SECTION VI. 

Experiments , and Obferi>ations made to determine 
whether Mortar be the better for being long 
kept before it is ufed* 

I AM generally difpofed to think that 
there is fome good reafon for any prac-* 
tice tvhich is common to all men of the 
fame trade^ although it may not be eafily 
reconcilable tb the notions of others: and 
feeing that the builders flake a great quan- 
tity of lime at onee, more than they can ufe 
for fbme days, and that all thofe, whom I 
converfed with, efleemed mortar to be the 
better foi; being long made before it is ufed ; 
and that plaiflerers particularly follow this 
opinion in making their finer mortar or 
flucco for plaiiteriilg within-doors ; I was 
defirous to difcover the gr^dunds of thefe 
itieafures fb repugnant to the notions gathered 
from the foregoing experiments and others* 

In the month of March 1777 I made 

about a peck of mortar, with one part of the 
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freffieft and beft chalk lime flaked, fix parts 
of fand, and ^yatcr q. f ; for in a great niwnber 
of experiments, I obferved that this propor- 
tion of lime was better than any larger which 
I had tried, or which the workmen obferve 
in making mortar. 

I FORMED the mortar into an hemifphe- 
rical heap on the paved floor of a damp eel-* 
lar, where it remained untouched twenty- 
four days. At the expiration of this time, I 
found it hardened at the furface ; but moifl:^ 
and rather friable or fliori: than plafl:ic in the 
interior parts of it. 

I BEAT the whole of it with a little water 
to its former confifl:ence; and with this 
mortar ami clean new bricks, I built a wall 
eighteen inches fquare and half a brick in 
thicknefs, in a workman-like manner. On 
the fame day !• made mortar of the fame 
kind and quantities of frefh chalk lime and 
fand, tempered in the fame manner; and I 
built a wall with it, like the former, near it, 
and expofed equally to the weather. 

I 
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I EXAMINED the mortar in th^ joints of 
thefe walls every fortnighfy by picking it 
with a pointed knife, and eeruld perceive % 
very confiderable difference in the h^r^neifi 
of them ; the mortar which lyas ufed frefti 
being invariably the hardeii^ 

4t the expiration of twelve ?honfh$, Igi 
pulling thefe walls to pieces, and by ieveral 
trials of the forCe neceflary to break fh^ 
cement and feparate the bricks, I found the 
mortar which had been ufed quite fircih, to 
be harder and to refill ffa<Sture and the fepa- 
ration of it ffditi the bricks, in a much greater 
degree than the other fpecimen^ 

GoNsil>ERiNG that mtfrtar etpofed in the 
foregoing manner, muft imbibe fome acidu- 
lous gas, though not fo much, perhapSj as the 
dry and fpongy lumps of lime drink in, dur- 
ing the fame time ; that the additional quan- 
tity of water neceflary in beating it up the 
fecond time^ muft have introduced more of- 
the like matter, as all native waters contain 
iome quantity of it ; that the frefli expoftire 
in the laft mentioned agitation of the mortar 
hiuft hiave contributed fbmething to the fame . 

D 4 effed; 
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cffedl ; and laftly that the event of this expe- 
riment coincided with the notions already de- 
rived from others ; I concluded that mortar 
grows worfe every hour that it is kept be- 
fore it is ufed in building, and that we may 
reckon as another caufe of the' badnefs of 
common mortar, that the workmen make 
too much at once, and falfly imagine that it 
is not the worfe but better for being kept 
fome time. 

Having in confequence of thefe obferva-* 
tions had a great deal of converfation with 
workmen on this fubjeft, I could perceive 
the origin of this error. 

SoMfi portions of every kind of lime ufed 
in this country, do not flake freely, by rea- 
fon of their not being fufficiently burned, 
or of the admixture of gypfeous or argil- 
laceous matter; and thefe, like marie, flake 
in time, though not fo quickly as the purer 
lime. 

The plaifterers, who ufe a finer kind of 
mortar made of fand and lime, obferve that 
their plaifl:er or ftucco blifl:ers, when it con- 
tains 
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tains fmaU bits of unflaked lime; and as then: 
purpofe is to work their ftucco to a fmooth 
furface, and to fecure it from crackings or any . 
fuch roughnefs as would be occafioned by 
the flaking or mouldering of bits of calca*- 
reous matter in the face of it ; and as the hard* 
nefs of the ftucco is not their chief objeft; 
they very properly keep their mortar a confi- 
derable time before they ufe it, to the end 
that the bits of imperfedl lime, which pafled 
through the Ikreen, may have time to flake 
thoroughly, 

. It appears to me that there is another rea- 
fbn, which the workmen do not notice, for 
their procefs. Lime foon imbibes fo much 
acidulous gas from the air, as to be in- 
creafed in bulk, and in weight beyond the 
half of its former quantity; and as ftucco 
for infide work, for the fake of a fine grain 
and even furface, muft have a greater quan- 
tity of lime in its compofitibn, than is ne- 
ceflary for cementing the grains of fand to- 
gether ; the incruftation would, by the accefs 
of acidulous gas after it is laid on, be apt to 
fwcll and chip and lole the even furface, 
if the lime were frefli when it is ufed in this 

exce^ive 
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exccflive quantity. But this \nc6nvenUnce 
is obviated by their procefles, in which the 
lime, whether flaked into water or others- 
wife^ imbibes a eonfiderable quantity of the 
gas^ and is therefore the lefs apt to blifter 
or fwell, after the ftucco is laid on. . 

The builders confidering the plaiAerei^ 
mortar or flu ceo as a finer and better kind 
of mortar, think it not amifs to ilnitate them 
in thofe particulars which are not attended 
with any expence, and efpecially in the 
praftice of flaking a great deal of lime at 
once, ai>d of keeping the mortar niade fome 
time ; and they do not feem to know, that 
iiich meafures prevent the mortar from ever 
acquiring that degree of hardnefs in which 
the perfedion of mortar truly confxfl:s. 
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SECTION VII; 

Of the Depravation of Mortar by the comnm 
Method of ufing the Watery and of theUfe of 
Lime water* 

TpiNDING byreafonand experience, the 
JL advantage of totally expelling the gas, 
and preventing the return of it to lime or 
even to mortar before it is ufed ; and 
knowing that common water, which is em- 
ployed in great quantities, firft in flaking 
lime, and then in making mortar, contains 
a great deal of the noxious gas ; it occured 
to m5 that the vulgar procefs of making 
mortar is in this frefh inflance injudicious, as 
it tends to injure materials otherwife good. 

They flake lime in fuch a manner that 
almofl the whole of the water is evaporated, 
and contributes nothing to the mortar, except 
fo far as it depofites its gas in the lime and 
injures it; and then the flaked dry lime and. 
the faud, require more water to make theni 

iuto 
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iiito mortar. I have found the quantity o^ 
water ufed for both thefe purpofes, to be 
twice the weight of the Hme,- at the leaft. 

Tnk quantities of acidulous gas known to be 
contained in the waters commonly ufed in mak- 
ing mortar^ muft greatly debafethe lime which 
is thus expofed to double its weight of fuch 
water; and upon thefe grounds T was affured, 
^ priori, that it would be a confiderable im* 
provement in mortar, to ufe no water in it 
except what has been previoufly freed from 
acidulous gas; 

This is done iil making lime- water; and 
the ufe of lime water appeared advantageous 
in another point of view. One {tYtn hun- 
dredth part of lime water being lirne, accord- 
ing to the experiments of Mr. Brandt which 
I find to be true ; and this lime beifig in- 
troduced in a flate of folution which favours 
the cryflalination of it between the grains of 
fand, aflifls in cementing them together by 
the utmofl atfradive forces of its parts, if 
my notions of the polarity of thefe parts 
be true* 

I MV3J: 
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I MADE divers experiments to try the prac^ 
tical validity of this reafoning, and found it 
to be true ; fpr on cpmparing fpegimens of 
jnortar made with my beft iirae flaked with 
river water, and fand and water, and fpread 
pn tiles foakcd in water, with other fpecif 
incns made with the fame proportions of lime 
flaked with lime water and fand apd lime 
water, and fpread on tiles previoufly foaked 
in lime water, the latter, at every age of them, ' 
were fenfibly harder, and they adhered to 
the tiles better than the former. I muft ob- 
ferve however, that fuch diftindlions cannot 
ealily be made, except by thofe who have 
a great deal of experience in thefe trials and 
comparifons. On repeated examinations of thefc 
and my other fpecimens, I was highly en- 
couraged in my purfuit ; for thofe made with 
Jime water were better near the furface than 
any I had ever made ; and I had good reafbns 
to be perfuaded that the extraordinary indu*» 
ration w"ould proceed in time through the 
^hole mafs. 
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SECTION VIII. 

Experiments made with a View to approximate 
the beji Proportions of Lime Sand and Water t^ 
for Mortar^ 

r1 reading over my notes, and exanniining 
the fpecimens of mortar which I had hi- 
therto made, I perceived that thofe were the 
beft which being made with common frefh 
lime, or with well byrned lime, contained the 
leaft of it ; that is one ounce of lime in fix or 
more of fand ; and finding this quantity of lime 
to be much leTs than is ufed in the common, 
way of making mortar ; and fufpedting that 
as a wall may be the weaker for its containing 
too much ntiortar, which widens the joints, 
io mortar may be weakened by the introduc- 
tion of more lime than is neceffary to cement 
the grains of fand together ; I thought an- 
other caufe of the defeat of common mortar 
opened to my view ; and that it was advifable 
to determine by experiment, what is the beft 
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proportion of lime to fanjl, in making mortar 
ill which lime water is ufed. 

I MADE five parcels of mortar with my beft 
ftone linie recently flaked with lime water, 
and with the coarfe Thames fand, in the 
following proportions by weight, 

I* 

Slaked lime ^-^ — ^ t 

Sand — -—^ 4 
Lime water, q. f. 

Slaked lime — — i 

Sand — -^ 5 

Lime water, q. f. 

3- 
Slaked lime — ^ — i 

Sand — _- 6 

Lime water, q. C . 



Slaked lime ~* — i 

Sand — , — 7 
lAtfj^t water, cj. f, 

5. Slaked 
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5- 
Slaked lime -tt- "^ f 

Sand — — § 

Lime water, (j. C 

This latter ^ecim^n: was not fufficiently 
plaftic for common ufe ; or as the workmen 
exprefs themfelves, it was too ihort, I fur^ 
ther obferved that the quantity of water re-» 
quired to make mortar to the proper temper, 
i^ greater ns the quantity of lime is greatef 
relatively to the quantity of fand. 

I SPREAD thefe on tiles in the month of 
June, and expofed them to the air and the 
fun, which then was very hot, 

As my former experience taught me to 
expect that fome of thefe, in hafty drying, 
would crack confiderably ; and as mortar, in 
building,, is not liable to dry fo quickly as 
thefe fpecimens; in order to render the in- 
ferences from thefe experiments the more 
general, I made five other parcels of mortar 
in the fame manner and expofed them in the 
fame way, in every refpeft, except that the 
dired rays of the fun could not fall on them 

05 
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br heat the pavement on which they ftood* 
In three days I found this neceflary, for the 
firft of thofe which ftood expofed to the fun 
cracked confiderably, the fecond cracked 
lefs, the third (hewed three or four veiry 
flender fiflures vilible only on a very clofe 
infpedion) the fourth and fifth (hewed no 
cracks at this time, nor in a month after- 
wards, when the fiflures of the others were 
confiderably enlarged. 

Of the fpecimens kept in the (hade and 
examined on the third day like the former^ 
the firft was cracked in divers parts, the fe- 
cond (hewed two or three yery (lender 
cracks, the reft were not Cracked in the 
leaft, and never cracked afterwards, although 
I was forced to remove theni to the place 
where the others ftood. 

Thus it appeared in a very (hort time that 
an excefs of lime difpofes mortar to crack, 
and confequently injures it ; that the higheft 
proportion of lime to fuph fand, which may 
be ufed without incurring this inconvenience^ 
depends on the circumftances in which the 
mortar is to be expof6d ; that no more than 

£ one 
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one part of lime to feven of coarfe fand 
ought to be ufed in mortar which is to dry 
•quickly; ^d lefs lime may riot be ufed, be- 
caufe it does not render the mafs fufficiently 
'jplaftit for building or incruftation ; and that 
'if a gireater* proportion of lime to fuch fand 
^improves the mortar in any^ refpedl, it is to 
i)e ufed only where the mortac cannot dry fo 
■quickly as it did in the fpecimens expofed to 
the fun. 

In the courfebf nine months I clearly per- 
ceived ^that thofeT^ecimens which flood in 
the (hade for the firft three days, were 
Irarder, 'and better in other refpe£ls, -than 
^thofe which were fudderily e5cpofed to the 
fun, the comparlfon being niade between the 
IpeCimens ^vhich containefd ' the fame pro- 
portions of lime, and which cracked the 
leaft, or not at all ; and of all the fpecimens, ' 
thofe were the befi vv^hich contained 'one 
part of lime in feven of the' fand : for thofe 
which contained lefs lime, and we're too 
jfhort'whilfl: frefh, were more eafily cut and 
broke, and were pervious to water ; and 
thofe which contained more Kme, although 
they w^edofer in the grain, did not harden 
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fofoon or to lb great a degree, even .when 
they efcaped cracking by lying in the (hade 
^ to dry flowly. 

X THEREFORE Qoacluded that hafty xlrying 

• injures mortar made 4n any proportions 6( 
-fuch fond and the beft lime; apd that the 
-.beft proportion is one ^f li Aie in ievefa^^f 

fandj whether the mortar h to be quickly 
dried or not* 

-Imvst obfervefioweJirertliat th^fe.fconciu- 
fions were made rather with a view. to my 
future ^experiments, in -which an approxima- 
tion to the beft proportions of ^ime^and fopd 
^andthe bftft treatment of the ifeortirlvottid 
feve a great deal of trouble, - than to afny ge-» 
- nefal and invariable rukfor making mortan 

I RBSEitVED it to be memioried irt this 
place, that I fet apart four ounces of each of 

• the foregoing fpecimens jbf mortar, ' .and 
' fpread )thefe , portions -fevarally on plates of 

thin. window glafs^ to the thickiiefs of a 
(quarter. of an inch or thereabouts i and I 
noted the weight of each, plate with its fpe- 
» cimen of mortar recently made. 

E z These 
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These being equally cxpofed to the fort 
and weighed at different periods were found 
to lofe weight in equal times nearly in the 
proportion of the quantity of lime or of wa- 
ter lifed in making them ; and the fmalleft 
lofe of weight when the Ipecimens were per- 
fc£lly dry : and confiderably hardened, was 
on^e-tejith of the weight of the fame fpeci- 
nwn^ jrecently . made. 

In many former experiments I had oh- 
ferved, but referved . it to be mentioned in 
thisipj^ce^ that: mortar I which fets without 
cracking, whether this be owing to the due 
pcoportion of fand,* or to the flow exhalation 
of the water from mortar . containing lefs 
.fend; never cracks afterwards, whatever 
other faults it inay^have : the fpecimens men- 
tioned in this fedtion, after a trial of eighteen 
nabnths afforded the fame oblervation. 

.J By the fetting of mortar, I underftand that 
folidity which it acquires by mere drying, 
and jyhich differs widely from the induration 
that takes place in time by other means 
which we Ihall prefently confider, 

SEEINa 
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Seeing then that the quantity of water in 
fnortar is as the quantity of lime, that the 
vfiflures happen only in the drying or fetting, 
that the danger of cracking is greater, not 
merely as the quantity of water is greater 
relatively to the fand, nor merely as the wa- 
ter is more expeditioufly exhaled, but in a 
rate compounded of thefe ; I inferred that 
mortar which is to be ufed where it muft 
dry quickly, ought to be made as ftiffas the 
purpofe will admit, that is, with the Imalleft 
practicable quantity of water ; and that mor- 
tar will not crack, although the lime be 
ufed in exceffive quantity, provided it be 
jjiade ftiffer or to a thicker confiftence than 
mortar ufually is. 

This inference was afterwards found to be 
true : for fpegimens made thus with one part 
of lime and only fix of the fand, and others 
made with greater proportions of lime, but 
a3 ftiffas they could be ufed, did not crack, 
in any expofure ; but they had faults which 
will be hereafter noticed. 



E3 SECTION 

Digitized by VjOOQ IC 



C 54 ]• 



SECTION IX, 

theory of the Induration dependent on the Proi 
portions of Lime and Sand in Mortar y ancf 
Obfervations on the bad Effects of the vulgar 
Proportions of tbefe. 

IT is fufficiently known that the aggre* 
gation of calcareous bodies, which burn 
to lime, or are chiefly compofed of the mat' 
ter of lime, is much weaker than that of 
the, (juartofe ; infomuch that the fteel which 
eafily cuts all calcareous ftones or fpars, i? 
as eafily cut by the filiceous ; and all ftones, 
or powders which are chofen for cutting or 
grinding fteel, are found to haye this effed 
by reafpn of their iiliceous or quartpfe par- 
ticles. 

This being confidered together with divers 
obfervations heretofore related, I reafoned iij 
the fubfequent manner. 

As ftones are cemented together in walls, 
by the mediation of mortar, fo the grains of 
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f;^n.d or gravel are made to cohere and form 
a ibiid mafs of mortar, by the intervention 
of lime. 

By the bare infpedion, as well as by the ex- 
perienced induration, one part of lime pafte ap- 
pears fufficient tointercede thegrainsof feven of 
fand without interruption of continuity, and in 
drying to fill the fpaces between them, or to at- 
tract matterenough for thispurpole from theair. 

In this cafe the grains cohere at the fmall- 
?fl; diftances of them, and by means of the 
thmuefi laminae oF calcareous matter; and 
'fuch mortar is tlic llronger as it confifts of the 
greater (juantity of hard quartofe bodies co- 
hering by means of the fmallefl practicable 
quautity of fofterand brittle calcareous ftrata ; 
juft in the fame manner as a wall, built with 
porphyry and bad mortar, is, c:«teris paribus, 
the ftronger as the joints are made thinner : 
for all mafles of fuch ftruiture as mortar or 
cen>entious walls, refift fracture and ruin, 
with powers of aggregation which are, not 
merely as the aggregation of the ftones or 
jb ricks, nor barely as the aggregation of the 
fofter cement, but in a ratio compounded of 

E 4 thefe, 
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thefe, and varying with circumftances which 
we need not attend to at prefent ; and thofo 
mafias therefore will refift the moft, in whicl\' 
the Wronger aggregates bear the greateft pro^ 
portion to the weaker, fo far as it is cx)nfifteqt 
>vith the continuity of thetn. 

Secondly, The fmall ftones which com-i 
pofe a heap of fand do not imbibe water : 
their volume is not encreafed by wetting 
thena nor^ leffened in drying ; neither does at 
meafyre of wet fand contrail fenfibly in dry-^ 
ing : this laft I have repeatedly experienced. 
But fmall bits of lime are coiifiderably in- 
creafed in bulk by wetting theni ; ancj as the 
foft pafte of lime contradls greatly in dry^. 
ing, it muft crack in every part where the 
drying pafte is prevented, by its adhelion to 
bodies or by other caufes, from contrafting 
uniformly and concentrically. As the con-t 
tradion of mortar in drying, and its confe-. 
quent cracking, depend on the lime pafte,^ 
and not on the fand, they muft take place 
in the greater degree, as the quantity of lime 
and water is greater, and they muft be lefi 
fened or prevented by a due proportion of 
fand J which proportion experience fhews tq 
' • • be 
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be feven parts of fand to one of lime. Thus 
*\ve underftand the caufes of cracking, and 
how it happens that this defeft is prevented 
by ufing lefs than the cuftomary quantity of 
lime ; and, although the lime fhould be ufed 
in cxcefs, by ufing lefs than the ufual quan- 
tity of water^ 

Thirdly, The more perfe£l and expedU 
tious fetting and induration of mortar con^ 
taining only one part of lime in feven of 
fand, than of mortar made with greater pro* 
portions of lime,, may be deduced from feve- 
ral concurrent caufes. Having lefs water 
In its compofition, it dries fooner, ^nd the 
calcarious matter cryftalizing more quickly 
in it, gives it fooner that folidity which "we 
exprefs by the word fetting. Having 
lefs lime in its compofition, it is fooner 
faturated with the matter which the air 
prefents, and which feems neceflary to 
the induration of mortar; and in this fatu- 
ration, the fwelling of the lime is not fo 
great as to pufti forth and derange the 
grains of fand after they have once been 
placed and in fome degree cemented together. 

This 
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This latter inconvenience arifing from the 
excefs of lime, cannot eafily happen in mor^ 
tar compreiSed on all fides in maffive build- 
ings; but it rnanifeftly occurs in the exterior 
parts pf the joints in walls, where the mor- 
tar vifibly fwells and after fweljing crumbles ; 
It is likewife vifible in the upper part of walls 
of modern conftruftion, where the fwelHng 
15 not prevented by a fuperincumbent weight. 
In thefe cafes the joints become hollow^ ; 
houfes lately built look old or ruinous ;^ an4 
the bricks themfelves, being bibulous, in fuch 
expofure foften and moulder, in confequence 
of th^ alternate wetting drying' freezing and 
thawing; th^fe being effedual agents in thq 
diffolution of all bodies which freely irnbibe 
moifture. 

Without awaiting the event of thofe ex- 
periments which 1 have lately made" on the 
great fcale, and fhall point out before I con- 
clude this effay, we nr ay on thefe grounds 
alone affure ourfelves that the ftrength 
and duration of the calcareous incruftations. 
compofed of lime and fand, will be s:reater, 
as we depart further from the propcitions of 
lime and fand commonly ufed, approaching 

to 

Digitized by VjOOQIC 



C 59 ] 
to that of one part of lime to feven of fandj 
becaufe the ftucco which hardens the fooneft 
niuft be the leaft injured, whilft it is hew, 
by the beating rains, and various accidental 
iiripreflions ; becaufe that which adheres moft 
firnaly to the other materials of buildings, 
and wh^ch- acquires the greateft degree of 
induration, muft contribute moft to thcv 
ftrength of the walls, and beft withftand the 
fliocks, attrition, and other trials to which 
the ftucco is expofed; becaufe that which 
contains the greateft proportion of fand, is 
lefs liable to be injured by any faline matter 
with which the air is fomefimes impregnated, 
as its calcareous matter is the better defended 
by the fand : but above all, becaufe the ftuccQ 
made with one part of lime and ?bout feven 
of land, is not difpofed to crack : for incru- 
ftations in this climate perifli fooner by rea- 
ion of the fifllires than of any other defedt ; 
becaufe the water imbibed into the (lendereft 
of them, as well as into thofe which appear 
on a curfory view, fwells in the congeliation, 
and dilates them ; and frequent alternations of 
wetting and freezing, gradually widen tliem,. 
vntil the ftucco is bulged and torn from the 
avails, 
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SECTION X. 

JSxperments on old Cements^ authorizing thePro^ 
portion lately recommended of Lim^ and Sand. . 

TO difcover the quantity of lime and 
fand originally ufed in any hard and old 
cement which I find by a previous analyfis to 
confift of lime and fand or clean gravel, I 
break a pound of it into fmallfragments, but 
not into powder, and with diluted marine 
acid I diflblve and wafti away the calcareous 
part from the gravel or fand, I meafure the 
acidulous gas obtainable during the folution,, 
and knowing the weight of any quantity of 
it in any temperature or weight of the aerial 
atmofphere, I fubtraft this weight of acidq- 
lous gas ?ind that of the fand or gravel, from 
the whole weight of the mortar, and ftate the 
reiiduary weight as that of the linae origi" 
nally employed ; knowing that it could not 
have made fo hard a cement, if it had not 
been fo far burned as to retain very little aci- 
dulous gas. I did not adopt this method of 
examination before I had found it to exhibit 

the 
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the lime and fand of my oldeft and hardeft 
cements in the fame, proportions in which I 
had mixed them. 

By this Jtind of analyfis, and by oth^r 
trials, I found that the quantity of lime in 
old cements made with clean fharp fand, and 
noted for their hardnefs, was much lefs thaa 
is now commonly ufed in mortar ; and that 
in the hardeft, it was very near to that which 
my experiments indicate to be the beft. 

By fharp fand I mean that whofe grains 
are bounded by flat furfaces. 

Thus I found the inferences made from my 
compofitions to be authenticated by long e?c- 
perience, fo far as they relate to the propor- 
tions of lime and fuch fand. 
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SECTION XL 

'^Experiments tmd Qhftrvatiohs ptwin^ the Agency 
tff acidulous Oas In the'Jnduration of Mortar^ 
andCiram/iahces^ *whkh impede orproniote it^ 
PraSiical Infertncesi 

THE ' obfervatioria ni^de cfn divers fpecL- 
mens of mortar, at different periodsiilcd 
toe early into the opinion that the fetting of 
^ «iortaF depends, chiefly on the exficcaltidn of it, 
but that the induration is principally iDwiiigito 
the acceffion of acidulous gas in certain circtim- 
'ftances, and not to the'dryiag, asitheawbrk- 
■^neri genemlly ;iniagine» Jn orderuto place 
'this opinion be)cond.aildoubt, and ta^difcover 
the circumftances which .fevour. or > impede' 
this induration, I made the fubfequent in- 
quiries- 

EXPERIMENT I^ 

I MADE mortar with feven parts of the 
Thames fand, one of the befl: flaked chalk 
lime and the neceffary quantity of lime wa- 
ter, and forming a part of it into oval pieces^ 

I 
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I put thefe into a gallon bottle, which I 
ftopped clofely with a ground glafs ftopple 
waxed ; and I noted the grofs weight of the 
bottle and mortar, and placed it expofed to 
the fun. Having examined it frequently 
•during the firft month, I could - perceive no 
•alteration in the weight, nor anything 
worth notice, except that fome water ex- 
haled out of the mortar, and condenfed in 
bright drops on the fides and upper parts of 
the bottle. At drvers times during fix 
months afterwards I fhook and Weighed the 
bottle, and found the mortar quite loft anil 
the weight of the whole unaltered. 

' E X P E R I M EN T 2. 

Another portion of the fame mortar was 
Ipread brilkly, as foon as it was made, on 
oblong pieces of dry and warm tile, and 
thefe were immediately plactd over a fantl 
bath, where they were gradually heated to- 
about 9n bundred of Farenheit for fix hours, 
and then to an hunxlred and fifty for two 
hours more, when the mortar was dried' tho- 
roughly. I took particular notke of the fo- 
Jidity which it acquired in this hafty drying,. 
. and then put the pieces of tile with the ad- 
hering 
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liering mortar into a bottle clofely flopped hi 
the manner already defcribed, marking the 
grofs weight. 

At. the expiration of feveft months, I. found 
the whole unaltered in weight, and the mor- 
tar as eafily cut or broken as it was when I 
put it into the bottle. 

Experiment 3^ 
Another part of the fame mortar was 
fpread whilfl: frefh on a large tile, to the 
•thicknefs of half an inch, and the tile was 
immediately placed in a tub, in which I put 
water to the depth of three inches over the 
mortar, and which I placed in the open air to 
receive the rain. At different times I broke 
the calcareous pellicle which formed on the 
water and defended it from the air, during 
the firft fortnight : afterwards the wind aiKl 
rain rendered this precaution unneceffary. 
Ip the courfe of fix months, the mortar, in- 
ftead of acquiring any folidity, was deprived 
of the greater part of its lime ; and what re- 
mained on the tile, was not much different 
from a layer of wet fand. 

E X P E R I- 

Digitized by LjOOQIC 



{ 65 ] 

Experiment 4. 
Another portion of the fame frefh mor-» 
tar was fpread on a bodrd ft revved with flaked 
lime to prevent adhefion, and placed iii the 
open air, but (Keltered from the fun. When 
this mortar became fufficiently folid, which 
was on the fecond day, 1 raifed the pieces, 
which were about a quarter of an inch thick, 
from the board, and fet them upright, fully 
expofed to the weather, which was about 
this time dry and warm. In feven weeks 
after this expofure they were indurated to a 
confiderable degree. They refifted a cutting 
inftrument nearly as much as Portland ftone 
does, but not fo well any force tenduig to 
break them acrofs at once. I then placed 
them Under water as I had done by the for- 
mer portion of this mortar. 

Aftef ^ they had lain in the Water foiif 
months I examined them attentively and 
found them, if at all altered, to be rather 
foftened than indurated further. I replaced 
them in the water, to be better fatisfied about 
them ; but by miftake, they were removed 
in my.abfence, and loft. 

F E X p E- 
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Experiment 5. 
Soon after the foregoing parcel of mortar 
was made, I prepared another hi the fame 
manner, and fpread a part of it on a tile 
foaked in lime water, and placed the tile in' 
the open air flieltered from the fun and rain. 
After it had flood a month in this fituatioa, 
I placed it where it was iheltered only froni 
the rain. 

Experiment 6. 
Another portion of the fame mortar was 
fpread frefli on a warm dry tile, which I 
placed over a fand bath, where the mortar 
was heated to about an hundred of Fafeiiheit 
for fix hours and then to ah hundred and fif- 
ty for fouT hours more, at the expiration of 
which it was folid and perfectly dry. 
The next day I placed it in the open air, 
expofed to the furl, and the weather, ' which 
was dry and warm for a confiderable time 
afterwards. ' . 

On comparing theie two laft at the expi- 
ration of feven imonths, and again after fix 
months^ more, I could eafity perceive • that 

the 
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the latter was Inferior to the formej;; for it 
was much more eafily cut and fcaled from 
the tile and broken. 

Experiment 7. 
With mortar made, the day after I had 
made the former, of the fame materials aiKl . 
in the fame manner ; and with new bricks, 
which I had heated almoft to rednefs and 
fufFered to cool to the temperature of my 
hands ; I brifkly ereded a little wall hulf a 
brick thick, oil a ftone be^nch raifed for the 
purpofe and fully expofed to the weather. 

E X ? £ R I M S N T 3. 

On the fame 4ay and ,w'^h the like mjortar, 
and with cold new bricks /preyioufly fbaked 
in Kcae \vater, I ereflfed ^nbther .wall, equal 
to. the former in diti^niioAs, .^nd placed in 
the fame mafiaer.on jarfto^e ben^k m thte 
-q^h.air., 

After nine mont^Sj , in , pulling. thefe 

VallB to pieces afid^ ijn diver's compari^ns of 

thfe cement of them, I found tl^at the lattw 

remoit adhered better tb tfee t^rick^ and was 

F* :, . h*fder 
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harder than the former, infbmuch, that I 
had not a doubt about it. 

Experiment 9, 
In a few days after I had made the expe- 
riment with the warm bricks, I confidered * 
the walls erefted in variable weather, and 
the fence walls which are wetted frequently 
and deeply whilft new, by rain, or by-moifture 
from the ground, and as often dried quickly ; 
and I was defirous to learn the efFe£l of fuch 
alterations of wetting and drying. 

I. THEREFORE fpread mortar, made like 
thofe parcels lately mentioned, on a large 
tile foaked in lime water, and as often as it 
had dried, in fair weather, arid generally at 
the interval of three days, I Wetted it with 
rain water. In the courfe pf nine months I 
found it was much lefs indurated than the 
ipecimen made in the fame manner, and de- 
fended from the rain : it moreover grew 
green by means of a vegetation which took 
place on thei furface of it, and which thrived 
the more as the mortar was frequently- 
wetted, or the tile longer fuffered to Ke flat 
on the ftone bench already mentioned. 

I 
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I HAD often obferved fuch a vegetation on 
mortar which I had made a few months be- 
fore, efpecially when, in the fummer feafon, * 
I laid the tiles flat on the wooden border of a 
duft-holc, or when, for want .of room to 
preferve the fpecimens in, I piled many of 
them together in a damp corner. on the pave- 
ment : I likewife faw that where the vege- 
tation took place, the induration did not pro- ; 
cetd as it does elfewhere : on the contrary, 
femi-indurated naortar ibftened there. 

All thefe being confidered, I was fatisfied 
that frequent wetting or conftant moifture, 
together with expofure to air, injure mortar 
in a great degree, if it be not perfcfUy indu- 
rated by great age before it is expofed to fuch 
trials ; and that tho vegetation depends chiefly 
on moifture. 

Experiment io. 
By the kind of analyfis mentioned in the 
tenth fedion, I repeatedly examined the 
proportion of acidulous gas to the lime, in 
tlite hardeft of the old cements which I had 
collected ; and finding it in the heft of them 
to be, at the loweft, in the proportion of three 
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to five, I rate thc-quantity of acidulous gas im- 
bibed by good mortar, during the induration 
of it, at fixty pounds at leaft, for every hun- 
dred pounds of lime. 

Experiment it. 
Such mortar as that of the firft experiment 
of this feftion was formed into flender pieces, 
each an inch broad, a quarter of an inch 
thick, and three inches in, length. Thefe 
were placed hi an airy paffage, (heltered from 
the fun and rain, and were turned as loon as 
they could bear it without danger of cracking : 
they were then fet upright and fully expofed 
on all fides to the air. 

On the fourth day I (lid four of the pieces i 
entire into a fmall wide-necked glafs retort, 
which I fet deep in a fand bath, with its 
nozzle immerfed in quickfilver, which ftood 
cool whilft the charge was gradually heated, 
in the courfe of forty-eight hours, to about 
feventy-five of Farenheit, which is under the 
temperature of incruftations of this kind ex- 
pofed to the fun in fummer; and in the 
courfe of forty eight-hours more was flowly 
heated to about an hundred of Farenheit, to 
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which degree incruftations are frequently 
heated by the fun in fummer. As the retort 
cooled I admitted the neceflary quantity of 
air, and then left it, with the nozzle im- 
merfed deeply in the mercury, during three 
months. I then Aid the pieces gently out of 
the retort, after having wiped away a few 
drops of water which adhered to the vefl^l in 
their way ; and immediately made the com- 
panion which. I (hall prefently mention. 

Close to the retort, and in a fituation 
where the heat was equal to that defcribed, 
or nearly fo, I placed four other of the pieces 
abqve defcribed, on the fourth day after they 
were made : I encompafled them with the 
faud, but fecured a free acccfs and even a cir- 
culation of air to them. When the fand 
bath was cooled, I put thefe pieces, which 
were thus pcrfe£tly dried, into a bottle which 
I Hopped clofely in the manner heretofore 
defcribed*. 

On the feventh day after the pieges were 
madie, on the twenty-firft, and at the expi- 
ration of three months, I examined four 
pieces takea fron^ different quarters of the 
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remaining parcel, and found the quantity of 
aciduioUvS gas which they yielded, to corre- 
fpond with the degree of induration and the 
depth to which it had advanced in them re- 
ipedtively* 

On comparing and examining the pieces 
dried in the retort and kept three months 
in it ; the pieces dried in the fame heat and 
freely expofed to air during four days, but 
afterwards kept in a clofe veffel; and the 
pieces which dried and hardened in the free 
air, without being heated ; I found that the 
firft were friable in comparifon with the 
fecond, and the lail were by much the 
hardeft and beft, 

As the fecond tenth and eleventh experi- 
ments, together with obfervations formerly 
made, fhew that the induration peculiar to 
mortar, is not caufed by exliccation ; that it 
is greater, as the calcareous matter of cements 
approaches nearer to be faturated with acidu- 
lous gas; that it is retarded or prevented, as 
the acceffion of acidulous gas is interrupted 
or obviated ; we may conclude that this mat-p 
Jer is a principal agent in the induration of 

calca^ 
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calcareous cements and indifpenfibly necef^ 
fary to it. 

By obferVations formerly made, but efpc'» 
qially by the comparifon of the fifth and 
eight experiments of this fedStion with the 
fixth and feventh, 1 learned that hafty dry- 
ing prevents good mortar from ever ac- 
quiring the hardnefs which it otherwife 
would have ; and that the more flowly the 
proper fvater of the mortar is exhaled or 
abforbed from it, in incruftations or brick- 
work, the more perfect wil] be the indura- 
tion of it. 

By the firfl third and ninth experiments of 
this feftion compared with the fourth, fifth 
and others, and by obfervations which led 
me to make thefp experiments ; I difcovered 
that mortar which is not^fufTered to dry, 
or which is fupplied with moifture as faft 
as its proper water exhales, does not harden, 
or hardens only to a fmall degree by any 
?iCjCefiion of acidulous gas. 

The fourth experiment indicates that mor- 
tar, whofe lime has not yet inibibed its com- 
plement 
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plemcnt of acidulous gas, although the mafs 
be confiderably hardened, is liable to be in- 
jured by foaking in water, if it be pervious 
to water fo freely as thefc thin pieces were. 

All thefe- experiments and obfervations 
confpire to point out the circumftances in 
which mortar becomes indurated the fooueft 
and in the higheft degree, and operates moft 
cfFedually as a cement. To this end it muft 
be fufFered to dry gently and fet ; the ex- 
liccation muft be effefted by temperate air 
and not accelerated by the heat of the fun 
or fire : It muft not be wetted foon after it 
fets ; and afterwards it ought to be proteded 
from wet as much as poffible, until it is 
compleatly indurated: the entry of acidulous 
. gas muft be prevented as much as poffible, un- 
til the. mortar is finally placed and quiefcent : 
and then it muft be as freely expofed to the 
open air as the work will admit, in order to 
fupply acidulous gas, and enable it fooner to 
fuuain the trials to which mortar is expofed 
in cementious buildings and incruftations. 

From, thefe confiderations we learn other 
caufes, befides thofe already mentioned, of 
the fpeedy ruin of our "modern buildings. 

The 
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The mortar made with bad lime and a 
great excefs of it, and debafed in watering 
and long expofure, is ufed with dry bricks 
and not un frequently with warm ones. Thefe 
immediately imbibe or diffipate the water 
and not only induce the defeft above no- 
ticed, but, as the cement approaches nearer 
to be dry, whilft it is ftill liable to be dis- 
turbed by the percuflions of the workmen, 
render it more nearly equivalent to a mix- 
ture of fand and powdered chalk. 

But to make ftrong work, the bricks 
ought to be foaked in lime water, and freed 
from the duft, which in common bricklay- 
ing, intercedes the brick and mortar in 
many parts. By this method the bricks 
would be rendered clofer and harder^ the ce- 
ment, by fetting ilowly, would admit the 
motion which the bricks receive when the 
workman dreffes fhem, without being im- 
paired; and it would adhere and indurate 
more perfedly : the fame advantages would 
attend the foaking of bibulous ftones in lime 
water, and the ufe of grout; provided this 
were made with good lime fand and lime 
water* 

In 
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. In plaiftering, the workmen always brufh ' 
away the duft and wet the wall on which 
they are to lay the cement, becaufe It 
will not otherwife adhere. From what has 
been already faid it is manifeft that this 
ought to be done with lime water, and re- 
peated as, long as the wall is thirfty. 

To perceive more clearly how much our 
flight buildings are weakened by the agita- 
tions and percuffions to which they are ex- 
pofed, firft in ere£ling the walls and 
fettling the timbers, and then in driv- 
ing thofe wedges to which they faften 
the wainfcots cornifhes and other ornaments, 
we muft obferve that the acceffion of acidu- 
lous gas to mortar, was found to contribute 
nothing to the ftrength of it, when it entered 
the compofition before it was finally fixed 
in a quiefcent ftate ; and a little experience 
is fufficient to teach us, that the fame mat- 
ter which aflifts in the induration of mortar, 
never ferves to repair the fiflures, or fo- 
lution of continuity between the bricks 
and cement, which happen after it is fet. 
When mortar is fet, and before it is in- 
durated, it may eafily be fcrved from the 
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bricks and crumbled; and for wantof foft- 
nefs it cannot bend into the fiffures, or re- 
fume its former condition in any time* 
Therefore by heavy blows^ and in wedging, 
our walls muft be greatly weakened ; and the 
more, as the houfes are flight, quickly built, 
and haftily finiflied. 



SECTION 
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SECTION XII. 

UxperimentsJhewJng th bcji Kinds and Mixtures 
of Sand^ and the bejl Method ^f yfing the Latne 
Water ^ in making Mortar * 

PURSUING the analogy intimated in the 
ninth ieftion, I thought that as large 
ftones with carvilinear faces, bedded in com- 
mon mortar, do not form fo ftrong a wall 
as they may when their interftices are filled 
wifch fitting ftones together with the due 
quantity of mortar; fo mortar made with 
fand, whofc grains come, near to be equal 
in fize and globular, cannot be fo ftrong at 
any period of induration, as that which is 
made with the fame mixed with as much 
fine fand as can eafily be received in its in- 
terftices, in order that the lime may ce- 
ment the grains by the greater number and 
extent of contiguous furfaces. By this no- 
tion I was excited to make provifion for a 
new feries of experiments. . 

I CLEANSED a large quantity of the Thames 

fand, by wafhing it in ftreamipg water, and 
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fbrted it Into three parcels: the coarfeft^ 
which 1 call the rubble, confifted of fmall 
pebbles, fragments of weathered fliells, and 
grains of fand of divers fizes, whiph in 
wafliing had pafled through a fieve wiiofe 
apertures were one eighth of an inch fquare, 
but could not pafs through a brafs wired 
fieve, whofe meflies were one fixteenth of 
art inch fquare, or rather larger: th« next 
parcel, which I called fine fand, confifted of 
grains of divers fizes, which in wafliing paf- 
fed through a finer fieve whofe meflies w^re 
one thirty- fecond of an inch Iquare: the 
third parcel confifl:ed of grains the largeft of 
which were waftied through the coarfeft fieve, 
and the fmalleft were retained, in wafliing, 
on the fine fieve : this I call coarfe fand. 

It is to l)e obferved that the fand which 
can pafs through a fieve, in wafliing, is con- 
fiderably finer than that which may be fifted 
through the fame fieve, when it i^ dry. 

Having dried thefe parcels on a fand plate, 
and provided a narrow mouthed glafs bottk 
capable of holding about two ounces troy of 
water, and a cylindrical glafs veflfel which con- 
tained 
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trilled twelve of thefe meafures, I founa hy 
repeated trials, that the large veflel, charged 
to the brim with my rubble, might be made 
to hold ibmewhat more than one additional 
mcafure of it, when the rubble was well 
packed, by ftriking the bottom of the veflel 
frequently againft the table perpendicularly. 
Charging the fame veflel with coarfe fand, I 
could by the fame treatment make it hold 
two thirds of the thirteenth meafure: and 
twelve meafures of fine fand were (a far 
contracted in this motion of the veflel, that 
it <;ould hold one meafure and one fourth 
more, or thirteen and one fourth in all. 

After noting how far the interfllcial 
Ipaces in each fized fand can be leflened by 
packing, I ufed water to fhevv what propor- 
tion thefe bear. to the folids, in thefe diffe- 
rent fands. I found that the thirteen mea- 
fures of rubble which I fl:owed into the 
glafs cylinder, could take in five meafures 
of water, without any increafe of bulk ; or 
rather 'with a fl:riking decreafe of billk : the 
twelve meafures and two thirds of fl:owed 
coarfe fand, imbibed four and one half ofwater^ 
and yet decreafed fenfibly in bulk : the thirteen 

meafures 
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feieafures and one fourth of fine fan4 packed^ 
could drink in only four mcafures of water J 
but the diminution of bulk was hior^ toilfideN 
able than in either df the former ; for the fend 
and water together meafured lefs by one fe-* 
ventieth than the packed fand alone* 

When farid was poured Into the glafs " 
cylinder until it was filled, arid Water was 
added before the fand was packed, by a flight 
agitation of the veflel the fand contradted iii . 
a much greater degree than is above ^xpfefled. 
Upon the whole it feemed that watef^ by 
poifiiig the grains, facilitates their Aiding on 
each other to fit well and fill the fpacies* , 

UhftiL 1 had made^ thefe experiments I 
did hot well underftand, how the beating of 
new* mortar rriakes it much wetter, and more 
plaflic withal, than it caii be made with tho 
fartie proportions of water and folid^, by 
mere mixture. I now perceive that beating 
produces this efFe£t by clofing the interftices 
of the fand, and rendering a fiiiall quantity of • 
lime pafte as efFe(Sual towards filling them 
and holding the grains together to form a 

G. * plaflic 
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pfjtftic mafsjj as a greater quantity, is, In fand ^ 
wliofe grains cannot fit each other £o welt 

Seeii^g. that the Interfticlal fpaces in fand 
are ib greatly leflened by wetting it, I ju(^ge3 
it expedient, for this reafon alone, to expend 
aH th^ y^?!;er I flibuld henceforward ufe in 
mjikihjg; mortar, in wetting the fand coni- 
pleatiy. t afterwiards, obferved other advan- 
tages ariiirig from this.pradice : for in filling 
the fpaces with tke fluid, the air is eafily ex- 
pelled,, and ,the lime equably, diffuled iti them . 
by^ ^ iittie beating : bi»t wnen . the water is 
added to. a mixture, of lime powder and fand, 
the air is entangled in the lime pafte, and 
cannot, without a great deal of beating, . be 
totally preffed out of the plaftic mafs : I . 
likewife found, that as an excefs of water is 
inj^urious in mortar, this is an excellent me- 
thod of regulating the quantity of water ; for 
the portion of lime water which fills the 
fpaces in, fand, and can be held by capillary 
afetradlion in a flat heap of it, is precifely the 
quantity which makes well tempered mortar 
with one part of the beft flaked lime and 
feven of the befl fand. 
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r As'^tifbund fbme (^fticulty in expdllJri^ the * 
air bubbles out of the fand wetbd in xAy deep 
cylindrical meafure, even when I (lirred up ; 
the mafs with a flender iriftrumerit, I con- 
cluded that the fpdces In fahd are rather iii a 
higher proportion to the fblid fubftance o^^ 
hi than they appeared in thdfe trials : {o that 
we may fay they are at leaft one third ^d » 
more of aily.toeafune of the fine fand, .greater . 
in coarfe fand, and greateft in the rubble* Suf--. 
pefting on another ground that thefe experi- 
ments ^d ndt\fh«>V the whole of the Ipafies 
in fafad, b^caufe watet tends to infinuate itfcl€ 
between the contiguous faces of the grains^ 
ttt^d cotn&quintly to re^love^thcm-afunder,• 
^tenwbilft it arranges them; I attempted td 
^fi^ettain the pj;oportion of thefe fpaces ta 
the folids, by another method founded 
on this fuppofition, that the meafured 
ptfrtioiji of fand which weighs the moft, has 
thb imalleft quantity of iaterftldal ipace. 

f 'By the experiment^ I found that a well 
intiE^ed.meiifure of the rubble weighed twen* 
tty ounces three pennyweights } the lik* 
me^fure of the coarfe fand packed, weigbdl 
twenty one ounces eighteen peimywdigbtst 
vO G % Cr m4 
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and die Tame quantity, by meafure, of tlie . 
fine faiid, weighed twenty three ounces two 
pennyweights and twelve grains. 

This trial correfponds fufficiently with the 
former in (hewing, that the fum of the 
fpacesin the rubble,is much greater than that' 
of the coarfe fand, and that the fpaces in this 
are larger in the fum, than thofe of fine 
faiwL 

In order to learn whether this proportion 
Is maintained in all kinds of fand, I tried by 
water and by weight in the foregoing man*, 
ner, a great aumber of lands ufed in London ; 
fiich as the coarfeft glafs-grinder^s fand, 
Hampftead-fand, Lynn-fand^ fine houfe-fand 

The refalt. of thefe experiments taught 
me that the fpaces are always fmallcr as the 
fand is finer, provided the comparilbn b« 
"foade between the fortedftiie part and the 
coarfeft part of any kind of fand: but thif 
itefis not hcddtiiie in the compariibn of fine 
tmd md .(ioaHb land of dilferent diftrias* i 
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Oi^ cximining the fevcrat ipecimens of 
fand witha lensy I perceived that, in feme, 
the grains, however different in figure, were 
bounded by flati^es meeting each other in 
angles ; whilft in others, the faces were ge- 
nerally rounded; and the figpre foch as the 
foregoing grains w{>uld. be r^du^ced to liy 
grindbg ofF their angles. The firft Jdnd I 
call (harp fand, the other round fand. Then 
taking itito confideratioa the raeafurement 

: already defcribed, together with the (harpnefs 
pf fpundnefs of the fand, I found that the 
ipaoe? are, in different kinds of fand^ as t^e 
fize and roundnefs of them compounded ; bpt 

J^h^y .do not appear to be finaller in any kindpf 
find that I have? feen, than in our fine parcel of 
Thames fand ; which I think is owing to its 
being (harper than any of the finer fands which 
J had compared it with. The meafure which 
contained twenty-three ounces two penny- 
weights twelve grains of the fine Thjones 
fand, contained only twenty-two ounces ten 
pennyweights pf the Lynn faiirf^ which i^ a 
great deal finer, but rounder* . 

Having thys fa^nd the* kind o^f (kid 
whichj t^ reafott of the fize md figure of th^ 

G 3 grains 
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^'^raittsV K» tlkt fipklkft iigteVfticialPfpfeci ; I 
t$iexi enideavbiirfed to ifcpftaih' the miXtiyelbf 
' coarfe and €ne find, Which leflens this fpace 
^'jn'^the gteateft degree, -^^ji^iteh there^e i^'^ 
•^juires th^ kfs^Iime to c8rnent the g«rifts to- 
^^ethef, and fortherealbtK already tftetjtioftfed, 
\pram\tts to mak^ the' hird^ft and liioft dur- 
-^ iblek:^iiienti* * •' '^'^ *'^-' ' "/, 

I Foxjjf & that nihc meaAlr**^ of the th wgic, 
* and nine meiafures of the-fine fand, both Well 

packed, meafured when- • mixed and ftbwed 
'- doftly'fixtecn meafures and one-^eighth : that 

eighteen meafured of the (hmgle and '^nihe 
' i)f the',fihe fahd tried Ih- the fem^ way, :mfe- 

fured twehty-four : arid that- -o«^ dkixifag 
" the fliingle and fine fand- in various propfeV- 

tions, nine meafures of -fliingle took^ iiito' its 

•jnterftices, one meafure itvJd one half-of'the 
' fine fand, without any increafe of bulk* -> 

■ I NEXT learned that nine tneafures of *he 
coarfe fand and nine of the fine, nieaftiredtin 
the like manner feventeen arid a half : that 
eighteen fuch meafure$ of coarfe fand well 

' mixed with nine of the fine And, meafured 
twenty-fix : and that qn Aixirtg wthefe -fanHs 

' \ l> in 
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in various proportions, eighteen meafures 
of the coarfe fahd took into its interfticis 
one niealtire of the fine ' fand, without any 
increafeoftulk. 

Lastly I found that eighteen fudr mea- 
fures of the coarfe fand and nine of Lynn 
fand, which is much finer grained than the 
foregoing, meafured twenty- four when we^ll 
mixed and flowed : and that on mncihg them 
in various other proportions, nine meafures 
of the coarfe fand took into its interftices oiie 
and a half of the Lynn fand. ' ' 

By thefe and a Variety of fimtlar experi- 
ments )iiade on difKrent fands, I found thftt 
the quantity of fine fand taken into tlie inter- 
fiices of aicparfe fand, wasthe greater with- 
out increafe of bulk, as «thfe grains ^f the 
coarfe differed mort fxbnf thofe oF- fhe fine in 
hulk, prbvfded the drameters of ^hVijraifcs 
of coarfe fand did not in general exceed *th6fc 
of the fine," in a proportion greater th^n five 
to one ; that the greatefl: quantity -of 'fihe 
fand, which could be taken into the inter- 
flxcesof coarfe fand, wa« one-fixtfe*'6/ the 
bulk of the coarfe fand'; iihd that ihgeneral-the 
G4 -mixtwe 

Digitized by LjOOQIC 



LA^ 



I 88.] .' ^ 

mixture of fix mcafures of coarfc faijid^with 
one of the fineft fand^ reduced the furo qf 
the interftieial fpaces to nearly one half of 
the quantity of them in coarfe only, or in 
fioc Thames fand or rubblfc only* • 

Instructed by thefe obfervations I- pro- 
ceeded to the following e:ii:periments, in order 
to learn the advantages or defefts attending 
each kind of fand, aiid how far my expe<9:a- 
tipns from the art of lelfenipg the fpao^?, 

wer? well fpunded» 

• • -. ^-» . • 

' I-jyj; ABET. fever alparceU of niortar wltfe my 
chalk lime liijie water andrubble^ in .diff^^^^o^ 
proportions ; the quantity of lime . being an 
. one a fourth of tha^of therubbl^ in ^6oth«r 
ouly ,opiB-feventh> .and jn the ptbera in.tjermt- 
diate : I m^de oth^ P? wJs of . morta^ with 
.my chalk lime, lifjxe ,w?^ter^ at^d th^ poarfe 
faB4 ^ and others .with jthfS: lime,, -lime-water 
^nd the. fine Tbam(?^ ftijd, in- the l^flvpep* 



.. ■;[ 



, l^yEXT made ^jjreat variety of fpecim.Qas 
^C^;|i^9rJtar y fomfs.qf .which cpnfifted pf rub-^ 
:hh3f^ coarfe fand.m^ed in different pro^ 

portions. 
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portions, wetted with limc-watec, and 
blended with one- fourth or one-feventh or 
^ intermediate quantities'of lime : others were 
compofed of fimilar mixtures of rubble and 
iine fand with lime and lime water : aiid 
others, confifted of rubble coarfe fand arid 
fine land mixed in difierent proportions, 
wetted with lime water, and beat up with the 
different (Quantities of l|me lately mentioned. 



I SPREAD apart of each of thefe Specimens 
of mortar, as foon as it was made, on a tile 
ibaked in lime water, half an inch thick ia 
fome places, and much thinner in others : I 
placed the remainder of it, formed into obloiig 
pieces of about an inch diameter, on the part 
of the tile which was not covfered with mdr- 
tar;. and I fet all the tiles numerically 
marked, in the fituation formerly de fcibed, 
where they were ecjually expofed to theivea- 
ther : this was done in May, 1777 • ^^^* 
ing thefucceedipg twelve months I examined 
eaph Ipecimen, and noted my obfervations, 
the mpft ufeful of which I fhall endeavour 
to rejate in a few words. 



The 
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The fpeprwcnp CQiitam>ng rubble and lime 
~ m^ffd \n ai)y prpporuon^yreater tlian five to 6n^, 
, were not fat. enpy^h, wjben freih, ,\6 be coo» 
. M^pj,fMt\y.. \ifed io.bujldiijgor ftucqoiii^ : but 
l|i^nc .of them, not excepting, ttipfe whiijh 
; C^n^[^d..,the, gf pater ^guajit|;ies^ of lime, 
^^4p^6jj,^|fj dfyi^ig.:;, '^^^o'fe wHrc^^^^ tlie 
.^ jfoi^^io? ijv^titi^s^Qf Urjie iii thpni, w^rc very 
pougt?;^^ the furfi^Q^. coarfe in the grain, 
ijpongy, and eafily broken: theyiHeweda 
^ i^f<^,. .^f-^^lijBoe^ Ijecay^fe thofe jyhjch jcon- 
. iuioq4™Wre ii^^ ^P*"® ^ot ^ had in thefe re- 

j wtjf^iKp^jivich wil^^e muft be uted, .^r want 
. njif^i^cf ;|iQer g;r^y4^. the. lime mixipd with 
Vi^yi^^t b^kfs th^ one-f^fth.ofthe quan- 

-. ' ... . r • , - . ^ 

. i. flf^ l^e fp^iaca^ns confifting.ofcqarlB fand 

. ati)jl.Jifcnppj thofe ^hich had the fmaller qviah- 

^ titles, of liipe weire too (hort for common yfe^ 

; .^d.cov^IfljXQt be m^e to aflume a cfofe aiid 

^ %Q)9i5h;f^rfaq6,^w hut in drying 

._ ;^ hafdeniD|, jhey w^re in every refped 

preferable to the cements made with J rubfele 

and lime, in the fame proportions V and oftlie 

fame fpecimens, thofe were the beft which 

. / ^ contained 
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lootitanied oiu^ fmrt of Ums ip 6ve'pf i^d; 

rther others^ containing lefsiim^ Mf^ ^ujJty 

-iike thofe mdde with lub^bW,: ?,nd |tlaQi$ in 

-which thdlimdms:, mkfid iujUwii gr^^r 

qioiaatipy, ^havligig the faults Qfteo ^bi^rvfd 

to attend thttffacU. of .lin^e* > . . ::.:•> 

. The ^Kscinftens which confifted. df fipe 
iand and lime, .were iii^aaewl hett^.th|n 

' the foregoing: and that, partitrularly wh^i^sh 
contained one of lime in fix ^xki an half tof 
fand, was in <aU cefpeds much better thftn 
thofe made with the fame or any other quan- 
'tttieg of rubble and Htnev ordoarferfaiia and 

- iime. . The ipecimen which wa? I^r^d 
with fevai |)»t» of fine faiid, wd .oneiof 
lime was not fo compjidb:and|iacd as thatUft 
mentioned. The comparifon of thefe two 
Ibewed that ieven of fend are tod much for 

" 6ne part of lime, when the fand is, fin<^ ^d 
unmixed with coarfe grains. , The ]^c«own 
made ^itb four parts of fine iand, and ofit 
cff lime had the noted &ults attending the 
C(xeefs of lime ; for it cracked in drying, and 
Wfts ienfibly injured, in th^ winter, by thofe 

-oltern^tioiiG df drying, ssetting, freezings 

*. tod thawing, formerly noticed 

Ok 
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i On divers oompariforrt of tbofe pbftkm 

o( m&rtar mad^pf line fand and iime, tvith 

^'thfe former, Lwas perfuadcd that a better ct- 

'thent can be cdmpoiied wkh fuch iand.as I 

JtiM&tic^ than with a cparier faod» whofe 

grains are all larger^tban an^.of thofic in my 

fine fand ; provided the coarfer fand be not 

'^ iiiudh Iharpet tfaati all that I have yet feen. 

^^If my experiments had been piadc in fldwr 

-^fficceflton, this Jaftobfervation would have 

ltd fhtto imagine that mortar will be found 

- thfc better as the fend is finer. , 

L..;; Ok the obfervations made: on the parcels 
' 6f lAortar cohfifting of.^^ qiixed .fands :aSid 
Vjimye, thofec which follow are the moft por- 
:i^ tiilcnt ta our.jprefent enquiry* ..il 

: > ^UE ^ptcimejis: made with- mixturcs.\of 

•^ittobbfe, coai*fe 'fand and different qdanti- 

-' taai of lime, refembled thole .made..:with 

-nibble and Kme in firailar proporlions, 

When the rubble was predominant; and 

rtfembled thofe made with coaiifQ fand and 

lime, in iimilar proportions, when the coarffe 

< fai^ was predominant ; and il could perceive 
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no adv^mtage. derived from the mixture of; 
rubbb and coarfe fand; except that the ce^, 
ment was fomewhat bette? as the quantity of 
rubble; was lefs, relatively to the quantity of 
fand and l^me : but none of thefe fpecimens 
were in any refpeft fo gogd as thofe made 
with fine faii4 ojilj. ; . 

Or the ijpedtnens made with jrubble and fine ^ 

fand, that was the beft in which the fine, fand 

was twice the quantity of the rubble. Bnjt I 

eo\ild not perceive that any of thefe /peci- 

mens were preferable to thpfe.made with the 

like quantities of fine fand and lime ; or that 

any confidcfable advantage is gained by the 

mixture of rubble and fine fand* 
• * 

>Of the fp.ecimeus made of coarfe fand finc^ 
(and and lime, thofe were manifeftly the beft, 
which confifted of four parts of coarfe fand^ 
three of fine, and one part or a little more 
of lime : for, whilft frelh, they were more 
piaftic than the others, and were eafily made to 
aflumeafmooth furface; they were not difpofed 
to crackiu this method of drying ; they were 
not at all injured by wet or freezing or thaw- 
ir;g ; they were pretty clofe in the grain ; and 

they 
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rfibhthii is to refift th6 chisielV or^tiy fott6^ 
tfthditig to breik the oblong piece*, much' 
riibrb powerfully thiil any of the fpccimehi 
latfety meft tiorii^d. I noted theiii aS' the bcft ' 
ipccirhetisofiiibrtafthat I had eVeimade; and- 
one part of lime, in four of codrfe, and thre<i'' 
of fine fand, to be a better proportion than any 
othar of the finds afid lime, for iiiCruftitiotis* 

* 0# the varidus fpecirtens of mbrtar ihadcf 
with toiitUfeS b/the rubblfe, coarfe fahdatitf 
^he faiid, f hofe were th6 baft, in which the fitte? 
farid Wis fcqiialof ttSarly equal in quantity to the 
/iibble and coarR fand ; iii vrhich the iftlbbltf 
was not much riiore than Oflft feV6nth paftbf 
the quantity of both fands ; and in which 
the wejght of the lim6 was one feventh of the 
Weight of the fand and rubbia, or a Ihtld 
fabre : JBiif thefe fpecimens, when frefh, wet& 
tefs plaftic, atfd lefs capable of aduiriing 1 
frn^obth furface uhder the irowd, is the quan- 
tity pf rubble was greater ; and'l'c^otild ntti 
find Siey were preferable in ifiy |ia*rticuiaf tO 
thole -relpedtively which Wfefe hlide" Witft 
Jiiiiilar quantities of lime and thcsifiixtiir'eS oi" 
cbarffc and fine faiid lately cbi&mdnded: - * 
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* Opdn the ftrideft comparifon, ! c^ttcludet' 
that one part of rubble m ihrefe of cbarfe afl<i' 
three bf fitie fand, makM as good iiiiinaY Witb' 
lime, a's tan be inade with the fand atid tiiht 
witholirtubble, tor iahy pufpofe which dbks 
not reqtiirfe a filler cfemeiit ; but th«fe' k nd 
advantage gained by the life bf rtibblff vtHett th<j 
coarfe and fine fand ciah be had equally che<ip, 
unlefs a roUgh furface be i-equlrfitt 

' In ftiiccoing w^Us the rubble promlfcd to 
be ufeful in pointing arid in the firft coat J 
becaufe a roughncfs of this coat makes th8 
finer exterior coat adhere moire iSrmly. 

In the review of alf thefe Ipecimens it ap- 
peared, that the quantity of lime, which forms 
a mafs fomewhat plaftic with fand and water, 
is the fmalleft quantity neceflary for making 
the beft mortar which fuch fand can afford ; 
and that any further quantity of lime is ufe- 
lefs in the coarier fands, and injurious in the 
-finer : that the neceflary plaifticity is induced 
by the fmaller quantities of lime, as the in- 
terftices of the fand are fmaller in the fum, 
and as the grains fit each other the better in 
confequence of the due mixture of coarfe and 

vGcftffe 
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jRnt fands : but that the Icflfeiiiftgof tiie inter-* 
fticial {paces, by the mixture of fine fand 
^ith the coarfe, does not enable us to lefTen , 
the quantity of lime fo .far as might be ex« 
peAed in confequeiice of our notions of the 
ijpaces meafured by water,, It feems that the 
grains of fine iand are held afunder by the 
lime pafte, to a greater diftance than they 
are by water ; and that the reafon, why the . 
finer fand requires more lime than the 
cparfer and mixed fand, is, that the fpaces, 
which are more numerous in fine fand thaa 
ip the coarfe, are more augmented in the 
whole quantity of them, by the particles of 
lime, which intercede alike the coarfe and 
the fine grains. 



SECTION 
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SECTION XIIL 

Experiments fitwing the EJe^s tf Jintji Sand 
an J qiiartofe PbwJler^ in Mortari Obferva-^ 
tions on thefineji calcarebus tements : PraSiicat 
Precipts. 

THE laft mentioned notion led me to 
fufpeft, foon after the foregoing ex^ 
periments were made> that, although the 
fine Thames fand made better mortar than 
the coarfe fand or the rubble afforded, the 
mortar will not always be the better as the 
fand is finer, however ftiarp it be, 1 there- 
fore procured a large quantity of the very 
fine pit-fand ufed in London under the 
name of houfe-fand : I wafhed away the 
clay with which it abounds^ ind dried it : 
Viewing it, when thus cleanfed, with a lens, 
I eflimated the fize of the grains to be, at 
the medium of the largeft and fmalleft, about 
one ninth part of that of my fine Thames 
fand : this I call fineft fand* At the fame 
time I was favoured, by my neighbour 
Mr. Bentley the ingpnious manufadurer of 
the ornarnental Staffordlhire war^^ with- the 
H ncceffary 
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neceffary quantity of the fine powder of cal- 
cined flints, which is prepared for his manu* 
fadlory. 

Wiry divers mixtures of thefe with lime 
water and lime, in a variety of .proportions ; 
and with each and both of thefe, blended 
with coarfe and fine fand, lime and lime water 
in fimilar proportions ; I made a great num- 
ber of fpecimens of mortar, which I tried 
in the manner already defcribed; and noting 
toy obfervktibns on them, I found the 
following to be the moft eligible for the 
xroncife recital intended in this eflay. 

MoKTAit containing the quantity of lime 

neceflary to the plafticity and other defire^ 

able properties of it, or a greater quantity 

pf Kme, is the more liable to crack in drying, 

•■ as the farid of it is finer* 

Mortar made with this fineft land and 
lime, does not grow fo hard, or refift fradhire 
fo forcibly, as that made with my fine Thames 
fand and lime, in the fame proportions, or 
any others neareft to thefe. But the* for- 
med mortar, when compofed of about fix 

parts 
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pzits of land, one of lime, and the riecel* 
fary quantity of lime water, and flowly dried^ 
becomes much harder than any of the com* 
tnon calcareous ftuccos, ufed by plaifterers. 

Mortar compofed of lime^ tny fine 
Thames fand, and the fineft fand, is the 
Worfe as the quantity of fineft fand is greater t 
tnd this holds true in every tried proportion 
of the fands and lime* 

Mort^Ar conlifting of lirtie, cJoarfeThajxiea 
fand, fine Thames fand, and fineft fand, is 
the worfe as the quantity of this laft is the 
greater, when the comparilbn Is made be* 
tween it and the Cement made with the " 
fame quantities of lime and the beft mix^ 
ture of coarfe and fine Thames fand^ 

Mortar made with fiint*powder, liiiie 
atid lime water, in any proportion, is mbre 
Hable,to,crac:k in drying, than mortar com-* 
pofed of any fand and lime t it is moreover 
incapable of hardening to fb great a degree ; 
whether the hardnefs be tried with a chizeV 
or by breaking it actofs. But mortar made 
with ibdut five parts of flint-powder, one o^ 
H 2 iimea. 
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lime, and the neceflary quantity of lime wa- 
ter, is neverthelefs preferable to any ftucco 
now ufed in infide work, for the finifliing coat ; 
becaufe it has a more lively whitenefs, and 
affumes a finer furface, which I think might 
be made to imitate that of marble : It requires 
however to be dried very (lowly. 

Mortar made with coarfe Thames fand, 
fine Thames fand, flint- powder and lime; or 
with fine Thames fand, fineft fand, flint- 
powder and lime ; or with the fineft fand, 
flint-powder and lime ; is the worfe, as the 
quantity of flint-powder is greater, relative- 
ly to that of the fand. 

.. Upon the whole it appeared, that the /irifeft 
fand is injurious in mortar which is expofed 
to the weather, and that flint-powder is ftill 
worfe: but that this laft may be advanta- 
geoufly ufed in compofing ftuGCo for infide^ 
work, in which, a fine texture, pleafing co- 
lour, and fmkooth furface, are preferred be- 
fore extreme hardnefs; and in which the dry- 
ing may be regulated fo as to prevent the in- 
Cruflation frona cracking. 

iNsrriEAD 
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Instead of refting fatisfied with the hare 
dlfcovery of the faft, that very fine faiid, or 
quartofe powder, is mcapable of making fo 
good a cement as may be formed with coarfer 
fand, although fine Thames fand and lime 
make a better cement than can be compofed 
with the coarfe fand and lime; and that 
the mixture of very fine fand, or filiceou$ 
powder, with the Thames fand, is rather in- 
jurious than ufeful, although the mixture of 
the fine with the coarfe Thames fand, is 
better for mortar, than either of them un- 
mixed ; I took a great deal of pains to learn 
the caufe of this, in order to confirm Of 
correct the foregoing notions, and render 
the precepts which flow from this faft^ 
the more fatisfadtory. 

. By forting my fineft fand into . divers paj:- 
eels, in fifting it through different .fie Vifes; 
,by meafuring the mefties of thefe; and by 
viewing the grains of each parcel ranked 
clofely on a fcale ; I perceived, more clearly 
than I had done before, the royindnefs of 
this fand : I moreover found that the grains 
of the coarfeft parcel were, at a medium of 
their refpective bulks^ upwards of. fixteen 

H 3 times 
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times larger than thofe, of the fineft parcel, 
the grains of the other parcels being of divera 
interniediate fizes^ As this fand therefore 
has every advantage attainable hy the mix- 
ture of coarfe and fine grains, and every dif-» 
advantage refulting from the fmallhefs and 
roundneft of its grains, I learned the reafbn 
why the defefts attending fuch fine rolind fand 
in mortiar^ are not correfted by any mixture of 
coarfe faiid. How thefe defeats are induced 
by the fineft fand and flint*powder, we may 
eonceive in the following manner. 

Having already ihewn how the ronndnefj 
of fand tends to render the mortar ;DQade with 
*it defedive, I may, without any fqrther illu* 
ilration of this matter^ , reckon on this fi» 
gure of the grains of fineft fand, as one caufe 
of i;he imperfedion of the mortar in which it 
h ufed, ^ 

- THERb is nothing^to prevent the htmrm 
of lime pafte, which intercede the grains of 
fineft fand, from being as thick, in the mafs 
of mortar made with it, as they are. In mortar 
made with coarfer fand; but they are likely 
to be thicker in general, as the faces of thfl^ 
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finer grains are rounder; The nurxib?r andex-. 
tent, moreover, of thefe laminae, muft be 
greater, in the fum, in the fineft fand than 
in the coarfer : and it is for thefe reafons,^ 
that more lime pafte is required to make mor- 
tar with the former than with, the latter ; 
iince the nK)rtar is not formed, until the pafte 
envelopes every grain, and,fitls the interftices. 
In this view of the fubjeft, we difcover ano- 
ther caufe of the defeft lately mentioned. 
If we ufe lime with afparing baad, it will . 
not extend between all the grains- Qr fill the 
l(pace.s ; we find the n?ortar top (hort. whilft 
frpfh ; and it is as defective in ftreiigth:, when 
indurated, as it is deficient pf ^he cementing 
matter. When we ufe the neceflary cjuau-? 
tity of lime, the calcareous matter bears a 
greater proportion to the quartqfe. grains,- in ^ 
this. fineft mortar, than in the coarfer; and this 
Venders the former defective, according to the 
principles of aggregation already exprefled* , 

. A THIRD caufe of the imperfe£tioa of 
mortar, made with fineft fand, or containing a 
large quantity of it, appears, on the confide-r 
ration of the quantity of lime- We have re-? 
j^eatedly feen that mortar^contradsthe more 
H 4 in 
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in. drying, and' is the more apt to crack, as 
it contains ai greater quantity of lime pafte : 
and as the fineft fancj requires an eictraordi* 
nary quantity of the pafte to' forrii it into 
mortar, the aggregation of fuch a cement h 
likely to be impaired by fiffurcs, although 
they do not always appear, by reafon of their 
fmallnefs* 

Other caufes, of the experienced imper- 
feftion of fine; mortar, might be added, which 
have no relation to the figure of the grains of 
fand or the quantity of calcareous matter j 
but to avoid an excefs of theory, I forbear to 
mention them, and fhall only add a cotijec 
ture concerning the finer cements. 

When a cementlous mafs, like mortar, 
is cut with an edged inftrument, or bro* 
ken acrofs, wc may obferve that the frafture 
happens in the ihorteft fine, along the laminae 
of the weaker cementing niatter, and feldom 
or never in the fhorter right fine paffing thro* 
the harder grains and the cement alternately, 
although the imprefled force tend to caufe the 
folution of continuity in the fhorteft, or in a 
right line. By the principles of mechanics, 
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the refiftance to fuch forces is greater, r^r- 
teris paribus y as the line of frafture is longer, 
whether it be ftraight, or winding in any 
courfe : and it it for this reafon, that a wall 
built with very large fquare ftones, is lefs li- 
able to crack, although the foundation fliould 
foil near one extremity of it^ than a brick 
wall built with the fame kind of cement on 
the like ground ; or that a wall, whofe bricks 
are jointed in the prefei:t fafhion, is more fo- 
ture from cracking, than that which fhould 
be built, on the like infirm ground, with the 
fame kind of mortar and bricks ftanding over 
each other j not jointed, but vsrith their fides 
and ends flufhed, as the workmen exprefs it. 

A s cements are cut and bix)ken in the direftlon 
of the cement, and not in the fhorter line ; 
as th^ cracks in ill-founded walls run wind- 
ing along the joints, inftead of going in the 
ihorteft cptirfe through the bricks and joints 
alternately ; and as the refiftance of fuch ce- 
mentious ffiaites, eftimated by mechanical 
theory, is greater, as the line of fradure is 
neceflarily elongated by the ftronger aggrega- 
tfbn of certain parts of them ; I am inclined 
to think that calcareous' (iements made with 

lime 
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Ilxnie and quartofe matter^ will always be 
found weaker, under th^ trial by the chizel 
or by fracture, as the quartofe fand or powder 
is finer; becaufe the line of fradure, which 
takes the courfe of the cementing matter, i$ 
ihorter, in any equal depth of fuch mafles, 
as the hard qyartofe grains ate finer and 
rounder. . \ ... 

As flint-powder cqnfifts of exceedingly fine 
grains of fihciou^ ftone worn to roundnefs iq 
the grinding, what has been faid of the finef^ 
fand is fuflSlcient to (hew, why the cements^ 
which contain flint-powder, are the worft of 
all thofe we have ' mentioned.^ 

,. The cuftomary jniethod of walhing fand, 
even for ftucco which is to be expofed tp 
the weathjsr, conjdfts in paffing it throiigh^^ 
ficye, by a circular horizontal mption of it; 
in a tub filled, with water, which flowa 

over, and carries away with it any light mat- 
Iter which . can be long fulpended in water^ 
as faft as the fand ruijs through the fieve into 
the veflel. But thi^ proeefs is inadequate to 
pur views ; becaufe the fineft fand fubfidcs 
along with the beft, and thefe, in the pre* 
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^ipitation, entangle and carry dowi> with. 
thera a great deal of finer powder or dirt. 
Where fucb a method muft be purfued, for 
want of other utenfils, or through the fcarci* 
ty of water, the fand ought to be agitated 
again in ftnall parcels, with a part of the 
water which has cleared by fubfidence ; and 
immediately after the agitation, the muddy 
water ought to be poured ofF^ before the 
Jight parts have time to fubfidc in it. But 
ihe ufeful part of the fand is more effectually 
freed from the finer and noxious p^rts, by 
fifting it in flreaming water, whofe current 
is to be {o managed, that it fhall carry away 
the mud and the fand which is too fine, 
whiift the better part fubfides in 4 proper 
receptacle. This art may be gathered from 
the pradkiee of the Cornifh miners, in wash- 
ing their pounded orefe, better than from any 
written precepts. 

In the fubfequent pages I propofe to (hew 
the integrant parts of gravel, and their feve- 
ral properties in mortar : for my prefent pur- 
pofe it will be fufiicient to obferve^ that the 
gravifel commonly employed in building con- 
Jfts chiefly^ after it U fcree»ed^ of rubble^ 

Coarfe 
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Cftarfe fand, fine fand, andfineft fand, fimi- 
lar to thofe ufed in our ^iperiments. This 
i^ obvious on the bare infpeftion of it, and 
leads us to difcovcr another caufe of the 
weaknefs of our modern cements, in the 
compofition of which, no other precaution is 
ufed, refpefting the gravel, except to fepa- 
rate ^the-flones' and coarfeft rubble from it, 
bytkreening. 

: . i 

W«EN it happens that the flcreened gravel 
contains more than a certain quantity of rub-t 
ble, relatively to that of coarfe and fiine fand 
fimilar to thclfe -dfcfcribed, the mortar made 
with it muft, according to our ..experi-* 
ttients; be defedlive. It will be fo likcwife, 
whenever the coarfe fand of it jpredominates 
over the fine fand, to a greater degree thaa 
that which was found confiftent with the 
perfedion of mortar : and when the quanr 
tity of fineft fand happens to be confidcrable 
in gravel, the mortar made with it fnuft be 
faulty in a greater degree. Now fuppofing 
the grave! to be freed j by the (kreehing, from 
tvery thing more injurious than iincft fand 
and quartofe powder, we perceive that the 
artift, who is ignorant of .the a^yiihtages of 
^ ^ fizing 

Digitized by LjOOQIC 



f ^^9 } 

iizing his gravel, aod ufes it in its native ftate, 
as chance prefents it, has the odds greatly 
againft his making good mortar, although he 
may fometimes do it, without knowing the 
reafon, as we (hall find hereafter : for his 
chance is, that the native gravel (hall coniift 
of coarfe and fine fand mixed in the propor- 
tion of 4 to 3, or of the rubble, coar(e and fine 
fand mixed in the proportions above recom^ 
mended ; and that it (hall contain little or no 
fand like our fineft fand : but the chances 
againft him are as numerous as there are 
other diftant proportions of rubble coarfe and 
fine fand in gravel, and as the kinds of gra- 
vel ufed are, which contain the fineft fand 
or ftill finer quartofe grains, in efficient quan- 
tity. 

In great cities, where gravel cannot be 
procured fo cheap as the rubbi(h of old walls, 
which the workmen lay in the ftrfeets to be 
ground to powder by the pa(fing carriages, 
they ufe this rubbi(h (kreened, in the place 
of fand or gravel, in making mortar. It con- 
fifts of the grofs powder of bricks, and of mor- 
tar indurated, as much as bad mortar can be, 
by time ; ax^d foipe builders affirm that it is 

better 
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httttt than fand or gravely for mortaf. tt h 
tertaiiily eligible when the price is chiefly 
confidcred ; in any other view, it is ndt fo^ 
From My paft experience I judged the Cal* 
careous powder of an old cement, and that of 
the bricks, to be a brittle perifliable and weak 
fubftitute for grains of fand ; and the quan* 
tity of duft in fuch ground rubbifhj to bd 
highly injurious : but as the opinion of thd 
workmen was againft me^ I made fome trials 
of in 

I FOUND that lefs lime was requr ied to tnake? 
fat mortar with this ground rubbifli^ than 
with my beft mixtures of fand ; which is no 
fmall recommendation of it in certain jobbs^ 
and is owing, in my opinion,, to the ground 
calcareous pait, which, fo far as it is finely 
powdered, is equivalent to whiting : but the 
inoffar made with the rubbifli appeared, ill 
every ftage of induration, and in evety com* 
parifon except that of the plafticity, to h4 
greatly inferior to that made with mixed fand 
and lime, in the fame proportions. 

If the workmen would confine f heir opl-* 
nion to- the comparifon of fuch rul)bi(h-mor'* 
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tar, with that in which clayey gravel is ufpd, 
or with the cements made with the afhes 
and ordure of thft town, dug out in prepa^ 
ring foundations of houfes, in thofe places 
which were formerly receptacles of fuch 
matter, they might maintain it on diverg 
grounds which will be examined hereafter ; 
but otherwife it is erroneous. 



SECTION 
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SECTION XIV. 

Experiments made on a larger Scale with our bejt 
Mixture of Sands Lime Water and Lime. 

IN the fpring and fummer of the yeaJ* 
1778, I repeated a great number of the 
foregoing experiments > particularly thofc 
which exhibit mortar in the improved ftato 
to which I had brought it ; and finding my 
former obfervations to be true, when the cir- 
tumftances were not varied, I refolved to try 
my beft cenients in larger quantity and in 
other circumftances. I applied them in the 
way of ftucco, on the brick walls of houfes, 
in difFerent afpedls, but chiefly in that of the 
meridian fun ; covering a fquare yard at leafl 
with each fpecimen, after I had repeatedly 
wetted the wall with lime water. 

By thefe trials I found that mortar, made ' 

with four parts of coarfe fand and three of fine 

wetted with lime water and beaten up with 

one of my lime flaked with lime wafer, al- 

• * though 
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though rt could be eafily fpread on a liori- 
zontal plane, or ufed in building with bricjcSj 
was rather top Ihort for plaiftering on the per- 
pendicular furface of a wall. It might how- 
ever be laid on, in fmall fucceflive portions.^ 
by a dexterous management of the trowel, 
and efpecially by Aiding the inftrun^ent on it 
upwards. 

When the weather continued temperate 
and dry for eight or ten days after the in- 
cruftation was made^ and no great quantity 
of rain fell for three or four weeks after- 
wards, this ftucco anfwered my expectations ; 
ibr it did not crack in the leaft, and in three 
months was almoft as hard as Portland ftone, 
at the furface, where the induration firft takes 
place for the reafons formerly mentioned; 
but it was too coarfe to reprefent x fine 
grained flone. 

Having made two pieces of incruftation 
ofthis kind, on the fame wall, and knowing 
that calcareous cements cannot harden fo 
foon as it is neceffary in outlide ftuccoing, un- 
lefs they be pervious to acidulous gas, in 
which cafe they may drink in water likewife, I 

I fre- 
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frequently wetted one of the pieces. In 
about three months after it was formed, 
with lime water, expefting that the calcareous 
matter of it would cryftallize in the cement 
and render it clofer and harder. I was not 
tlifappointed ; for in the courfe of a month I 
found this piece of ftucco harder and clofer 
than the former, and at the furface, as much 
fuperior in thefe particulars, to Portland ftone, 
as the other was inferior to it. I have fince 
found that lime water has not this efteft, if the 
incruftation be wetted with it, before it is quite 
dry and indurated flowly, to vie with Port^- 
larid ftone in that kind of ftrength which is 
tried by grinding Portland ftone on it, or fcra- 
ping it with a cbizel ; for any other trial of in- 
cruftations is unfair, until the induration has 
proceeded equally through the whole mafs* 

When the incruftations made of the fame 
^cement, were wetted by rain, in two or three 
days, or fooner after they were applied, and 
efpecially when the wind blew the rain for- 
cibly upon them, they were fenfibly injured, 
for they riever afterwards looked or hardened 
fo well as the former fpecimens of ftucco. 

In 
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In thefe particulars the large incruftatlons 
agreed with thqfe made on tiles* But the 
fame agreement did not appear in the incruf- 
tations which I had made with the fame 
compolition, on a wall which fronted the 
meridian fun, at a time when the weather 
was very hot ; for thefe fhewed a few {len- 
der cracks in the courfe of three days. 
When in the fame (ituation and weather, 
and on a coarfe ftucco of this kind, 1 fpread, 
in about two hours after it was laid on, a 
thinner coat of cement made with finer fand, 
in order to reprefent a finer grained ftone, the 
incruftation confiftlng of thefe two layers, 
cracked more than the former* 

After many repetitions of thefe experiments, 
in the hotteft weather, with. the fame event, 
I perceived that the trials of fuch cement on 
tiles, are not fo fevere as thofe to which they 
may be* expofed fometimes in incruftations 
on walls. In this latter cafe, the ftucco is 
very unequal in thicknefs ; for in the hollow 
joints and depreflions of the bricks, it is near 
an inch thickj when over the prominences it 
has not more than one-eighth of this thick- 
nefs ; and as it dries fooneft in the thin parts, 
1 2 the 
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the unequal contra<5lion feems to be the caufe 
of thofe cracks, which would not happen to 
the fame cement laid on the flat furface of a 
tile : it feems moreover that fuch a compoli^- 
tion may more eafily contraft in drying, with- 
out cracking, as the cruft is mJMle narrower or 
lefsextenfiVe. But I impute the cracking chiefly 
totheforegoingunequal contraftion accelerated 
not only by the heat of the fun and the wall, 
but by the thirfly bricks ; for if we form oar 
judgment according to the quicker or flower 
progrefs of the exficcation, and the ftiffhefs 
which the cement acquires in the aft of fpread-"^ 
ing it on the brick i^^all, the wetting of this 
lafl fuperficially with lime water, is not equi- 
valent to fteeping the tiles for a few mi- 
nutes in the fame liquor. 

When, with the view of preventing fif- 
fures, I ftuccoed a part of the lame wall wet- 
ted with lime-water with cement containing 
the mixed fands and lime in the pro^ 
portion of fifteen to two, in the fame kind df 
weather, I found the difficulty and wafl:e, in 
applying it, greater than in the former in- 
ftances, and that it was defeftive in ftrcngth 
and clofeneis, for want of lime,^ although it 

did 

, Digitized by VjOOQ II 



[ "7 ] 
did not crack. When, through diftruft of 
my fbimer experiments, I ufed more thfUi 
oue-feveixth of lime, the cracks were ftill lar- 
ger and roor$ nyrnerous. 

To guard a recent incruftation from th$ 
rain, and to fecure it from cracking in the 
circumftances laft defcribed, I propofed the 
expedient of hanging fail cloth on the cor- 
nices and fcafFoiding ; but the expenceof this 
meafure, and the danger of it in windy wea- 
ther, were ftrong objedions. 

Embarrassed by thisunexpedled difficulty, 
IJrefolved to change my ground, and try 
what might be done by a new feries of expe- 
riments, in which J intended to ufe every 
known cheap fubftance, whether it could be 
reafbnably fuppofed to have any conlidcrable 
cffedt towards fecuring a recent incruftation 
againft*the above-mentioned impreftions of 
rain or hot weather, or could be fufpedted 
of rendering the ftucco defective. I profc'- 
cuted this enquiry with great alacrity, be- 
caufe I was certain that, although I (hould fail 
in the attempt towards improvement, I 
fliould leajrn how in future to avoid thofe 
I 3 things 
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things, which being natively blended in cer^ 
tain kinds of lime ftone fand or water, tend to 
render the mortar made with them faulty. 
I had already conceived a notion, whicl> 
I (hall fubmit to my reader before I conclude, 
concerning the excellence of fome antient 
cements ; but left I fliould be mifled by it, 
I proceeded, in all the experiments which 1 
am to relate, on the fuppofition that this ex- 
cellence is owing to fbmq matter, accident- 
ally introduced in the materials which the 
Antients found in the diftricls contiguous to 
their moft durable cementious works, or 
defignedly blended with their mortar. 
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SECTION XV. 

Experiments Jhewing the integrant Parts ofGra-^ 
vel^ the Choice and Preparation of it ; and the 

• Effedis of Clay, Fuller's Earthy and 'Terras^ 
in Mortar, 

ON infpeifting different kinds of gravel 
ufed in London and in divers parts'of 
England, in making mortar, I obferv^ed that 
they all contained fome clay ; and that this 
was generally coloured with martial matter. 
In confideration of the frequency of this mat- 
ter in mortar, I made it the fjrft fubjeft of 
my- prefent enquiry. 

By the art already defcribed, I fbrted three 
bufhel§ of (kreened gravel dug up near Port- 
land Place in Marybone pariih, into five par- 
cels ; one equivalent to our rubble, another 
to coarle fand, another to our fine Thames 
fand, another to our fineft fand ; and the re- 
mainder was fet apa^t tis clay or bolar earth. 
I dried all thefe, and reduced the lumps of 
(pjay to an impalpable powder, 

. ^ ' ^ I 4 flAVINe 
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Having treated divers other fpecimens of 
gravel in the fame manner, I found that gra- 
vel, freed from the larger pebbles by Ikreen- 
ing, may generally be confidered as a native 
mixture of rubble, fands, and clay ; and that 
when the clay i§ waihed out, the refiduary 
parts of the different kinds of gravel, differ in 
lize, fharpnefs, colour and hardnefs ; thofe 
being the hardefl: which confifl chiefly of 
quartofe matter. Judging of gravel accprd-f 
ing to the precept^ derived from rny trials of 
fand, I rank that dug in Maryboqe amongfl: 
the better kinds of gravel, and ufed no ofhef 
in mortar. 

After a great number of trials of ce- 
ments made with my beft chalk-lime, lin>je- 
water and the gravel, or certain parts of the 
gravel, and applied on tiles and on a wall^ I 
found that thofe made with the cparfe and 
fine fand of the gravel, feparated frcrr> the reft 
of it, and mixed in their native proportions, 
were the beftj that thofe rnade with the 
rabble coarfe fand and fine fand mixed in 
their original proportions, but containing no 
other part of the gravel, were the next in 
hardnefs and the other defireable qualities; 

that 

Digitized by VjOOQ IC 



r 121 1 

that thofc coirtaining all the parts of the 
gravel except the clay, in their native propor- 
tions, differed in nothing, that I could difco- 
ver, from thefe laft^ for the fineft fand 
pf this gravel yvas not a fiftieth part of the 
mafs of it ; that thofc containing the rubble 
fan^s and clay in the fame proportions, an4 
phofe ma4e with the unw^aihed gravel, ap- 
peared on a clofe examination to be the werft 
of all thefe: aiid thofe containing the na- 
tive unwafhed gravel mixed with twice its 
proper quantity of the clay of fuch gravel, 
/hewed moft clearly that clay is highly inju- 
rious, by difpofing the mortar to crack in dry- 
ing, to fbften in wet weather ^ and to moulder 
when the quantity of clay is one^eighth of that 
of the fand ; but in much fmnller quantities, 
it only prevents the cement from acquiring 
the hardnefs peculiar to good mortar, and 
ppnfequently difpofes it to perifh in a few 
years. 

With my beft mixtures of Thames fands 
lime water and lime, I blended fine fat to- 
bacco-pipe clay, in diifferent proportions, and 
fBxpofing thefe fpccimens, I perceived that the 
cfftGt of clay is greater as it is purer and fat- 
ter. 
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tei". The fpecimens in which the quantity 
of fat clay was one-feventh or one-eighth of 
that of the fands, mouldered early in the 
winter like rnarle. 

These appearances were not altogether un- 
expected : for in experiments formerly made 
with a view to the improvement of fire-vef- 
fels, I had obferved that clay adheres but 
weakly to any hard bodies, however flowly 
it is dried on them, ^nd that mafles compofed 
of clay apd fand in divers proportions, never 
acquired any confiderable hardnefs by the' 
mere drying, and expofure to air : It was 
therefore not likely that clay fhould add to 
the ftrength of mortar : but as dried clay 
greedily imbibes water and fwells with it, 
and in drying contrads greatly and cracks, if 
any tl>ing prevent it from contrading eqna-* 
bly ; and as marie ftones, which coniift of 
clay and calcareous earth, moulder in the wea- 
ther ; it was to be expedted that clay woul4 
be hurtful. ' 

These experiments point out another caufe 
of the defefts of the common mortar, and 
fhew that the gravel or pit-fand to be ufed in 

any 
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any valuable building, ought to be freed from 
the clay by wafhing, which will be found a 
very cheap operation, even in cities, if the' 
water which carries ofF the clay, be directed 
into a place where it may be depurated by fub- 
fidence, for repeated ufe : they likewife direct 
us in the examination and choice of thefe, and 
fhew that the viler kinds may be made equi- 
valent to our beft mixture of Thames fand, or 
nearly fo, by wafhing and forting, and then 
rejeding the excefs of rubble or fine fand. 

I MUST obferve however that ibme kinds of 
gravel cannot be rnade fit for mortar by this 
procefs: .for the grains of them, which re- 
femble thofe of rubble and coarfe fand, confifl: 
of fijialler grains cemented by clay, which is 
fo far indurated that it cannot difFufe itfelf 
in the water fpeedily. 

Fullers earth tried in the fame manner*^ 
was found to operate in the mortar like clay,/ 
in every refpe£l, as I might have prefumed, 
except that the former was lefs injurious than 
the clay, v^hen the quantities of them were 
equal. 

'i Terras, 
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Terras, which is a volcanic produ^ion 
confifting chiefly of clay and calx of ivo^ m- 
duratcd together, when it was ground to ar^ 
impalpable powder, produced the eSkOis of 
fuller's earth, in mortar, the more fenfihly a« 
it approachednearer to be oiae-fev^:>th of the^ 
quantity of fand. The coarfer powder of 
terras had lefs effect* 

A MORTAR njadeof terras powder and lime 
was ufed in water fences by thp Romans,, 
and has been generally employed in fuch 
ftrudures ever fince their time. It is pre- 
ferred before any other, for this ufe, becaufe 
it fets quickly, and then is impenetrabk to 
water : whence fome people haftily conclude 
that it is the heft kind of mortar for aoj pur- 
pofe. But by experience I know that mor- 
tar made of lime and terras powder, whether 
coarfe or fine, will not grow fo hard as mor- 
tar made with lime and fand, nor endure the 
weather fo, well; but on the contrary is apt to 
crack and perilh quickly in the open air. 
The efficacy of it in water fences is experi- 
enced only where it is always kept wet, and 
fcems to depend on the propejrty which the 
powder of terras has, in common with other 

in- 
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indurated argillacious bodies, and e{pecially 
the boles, but in a higher diegree, of expedi- 
ting the cryftallization of the calcareous mat- 
ter, by imbibing the water in which it is 
diffufed in the mortar, and of fwelling, du- 
ring this abforption, fb much, as to render 
the cement impenetrable to any nM>re water : 
it feems alfo that an acid of the vitriolic fcind^ 
which is contained in terras as well as in 
boles, contributes to the fpeedy fetting of 
this cement, by reducing a part of the lime 
to the condition of gypfum. 
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SECTION xvr. 

Experiments Jbewing the Effedls of Plaijler Pow- 
der^ Alum^ Vitriolic Acid^ of fome metallic 
and earthy Salts ^ and of Alkalies^ in Mortar. 
Pradiical Inferences 4 

IN my beft mixtures of toarfe and fine 
Thames fand with one-feventh and with 
larger quantities of lime, I tried the gypfeous 
powder of which plaifter of Paris is^ made ; 
and found it to be injurious in proportion to 
the quantity of it. The particular effetls of 
gypfum in mortar, were fuch as might be ex- 
pefted in confequence of our knowledge of 
the faline nature of it ; gypfum being a com- 
pound of calcareous earth and vitriolic acid, 
which is foluble in water, not fo freely as 
neutral falts, but rather like lime : it difpofed 
the mortar to fet fafter than it could be ap- 
plied in ftuccoing ; rt contributed very little 
to the plafticity of it ; and the cement was the 
more apt to foften in wet weather and to pe- 
rifli in time, as the quantity of plaifter pow- 
der 
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der in it was greater. The greatefl: quantity 
tried was only one-feventh of that of the 
fand. 

Alum was found very injurious. The 
acid of alum formed felenite or gypfum with 
a part of the lime, and thus operated like 
gypfum or plaifter powder ; whilft the earth 
of the alum induced the imperfections which 
attend the ufe of clay. The greateft quan- 
tity of alum ufed was one part in ten of the 
beft mixture of fand and lime ; and this fpe- 
cimen mouldered, in nine or ten months, like 
marie. 

Vitriolic acid, which formed felenite or 
gypfum with a part of the lime, produced the 
efFefts of a quadruple quantity of plaifter 
powder. 

Vitriols of lead and of tin, being decom- 
pofed by the lime, operated like fmaller quan-* 
titles of vitriolic acid : martial vitriol or cop- 
peras had the fame efFeft, and induced an 
olive colour, which was foon turned to that 
ofruft. 

Vitriol 

Digitized by VjOOQIC 



[ '^8 ] 

ViTEiOL of Zinc or white vitriol, and 
Epfom fait, did not difpc^e the mortar to fat 
haftily, nor injure it in any particular difco- 
verable during the application and drying 
of it ; for thefe vitriols are not eafily decom- 
pofed by lirae : but afterwards I perceived 
that they impeded the induration of the 
ftucco, and difpofed it to fufFer by the wea- 
ther, the more as the quantity of either of 
them came near to be one-tenth of the quan- 
tity of fand. 

ViTRioLATED tartar, Glaubers fait, and 
the falts which are found in moft of our wa- 
ters, fuch as fea fait, nitre, marine calcareous 
felt, calcareous nitre, and that compofed of 
magnefia and marine acid, were found like 
Epfom fait to injure the beft mortar : fo wer« 
cauftic mineral alkali ; cauftic vegetable al- 
kali ; and liquor filicum. Cauftic volatile 
alkali, which foon exhales by reafon of its 
-volatility, had no fenfible efFeft. I did not 
tiy argol or mild alkalies, becaufe they reduce 
the lime to whiting ; neither did I ufe any 
acid which forms a very foluble fait with 
lime, for obvious reafons. 

Knowing 
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ki^owiiSTG that the lime which his beerl 
femployed by foap-boilers to render their ba- 
rilla and pot-alh eauftic^ contains^ even after 
the repeated elixations, a little alkali and 
vitriolated tartar blended with the talcareouS 
earth ; and that the greater part of this laft 
is reftored to thi^ condition of chalky by the 
acidulous gas imbibed from the alkaline falts i- 
.1 had, in confequence of the foregoing ex- 
perimentSi fufficient reaibn to prefume that 
this refufe matter of the foap-boilers cannot 
anfwer the purpofes of lime, or improve ouf 
mortan But as a pretence to the contrary 
is made by foine artifts^ and ap{tears in the 
Builder's Didlionary, and as the cheapnefs 
of this article is a temptation towards their 
extending the ufe of it, I refblved to decide 
this queftion by direft • experiments 

After trying^ in my ufual niethod> (pe- 
cimens of mortar made with the refufe of 
foap-lees and my beft fand, in different pro- 
portions ; and others made with this fand^ 
lime, and the refufe matter, in various pro- 
portions i I found the firft deftitute of the mofl: 
iifeful properties of good mortar; and the 
others were defe<Sliv«, in proportion to the 
K quantky 
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duarttity'af tlie refufe matter relatively "to 
that of the lime. Whether this matter imr> 
proves mortar made with gravel and the com-r 
uaon chalk-lime, or encreafes the defects of 
it, is a'queftion Hot worth our notice.. 

: Thb experiments lately related (hew that 
l}m,e is the more unfit for building and ex- 
ternal incruftations, as it contains more gyp*^ 
fiiro,; and I muft now remark that moft 
kinds of lime-ftone ufed in England con-, 
tain confidcrable quantities of this matter 
which is. not much corrected in the' burning : 
But as I have, in thq lecond feftion, enabled 
my readers to difcover this imperfeftion, L 
hope L fliall be excufed from the invidious* 
office of depreciating or recommending any>» 
particular lime-ftone or maatifadory of lime- . 

• The cautions which our laft mentioned 
experiments fuggeft w:ith regard to the vtf& 
of water, are efpecially neceflary in this 
country, where moft of the wells and fprings 
abound with one or more of ; the above* 
rtientioned falts ; and it is not to be prefumed 
that the quantity of-thefe contained in water 
which is ufed for culinary purpofes,' cannot-* 

b« 
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be injurious in mortar ; for I know thit fe- 
Icnitc, Epfoii^ fait, the very deliquefcent fklts 
tompoUnd of magnefia and marine acid and 
of calcareous earth and the fame acid, niay^ 
together with a little fea-falt, be natively dif^ 
folved in water, td the quantity of half ait 
mince in a gallon, without afFedting the tafte 
,of it fenfibly. Wheii we confided the quan- 
tity of water neceliary in {laklng the lime 
making the mortar and wetting the thir- 
fty bricks, and the fmallnefs of thofe por- 
tions of falts, .whofe injurious effeds were 
difcoverable in the courfe of one yearj or in 
a (horter timcj we find fiifBcient grounds for 
concluding that fuch faline waters will be 
found hurtful in mortar, before many years 
clapfe, partlculafly where it is expofcd to 
moifture. Indeed this has been already ex- 
perienced of fea-falt, even in the fmall quan-* 
tity of it introduced in mortar, when the 
fand is taken from the fea (hore* The 
eaiieft method of difcovering the quantity 
of faline matter in water, confifts in evaporat- 
ing it flowly to drynefs and weighing the 
refidue : water which depofites calcareous 
earth as foon as it is heated, ought to be cleared 
by fubfidcnce or filtering, before the evapo* 
ration is compleatcd. 
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When a choice can be made, rain water 
is to be preferred ; river water holds t;^he next 
place, land water the next, fpring water the 
laft ; and waters noted medicinally or other- 
wife for their faline contents, ought not to 
be ufcd at all in mortar ; for the falts con- 
tained in them are thole which were tried> 
the vitriolated tartar excepted. 
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SECTION XVIL 

lExfentnentsJhewmg the Effe^s ofJklmmedMitk^ 
Serum of Ox-Bloody Deco£lion of Lintfeed^ 
Mucilage of Lint feed ^ Olive Oil, LintfeedOil^ 

" find Refiny in Mortar ; and the Efi^ of paint* 
ing calcareous Incru/laiions. 

AT the fame time and in the fame mix- 
tures of the bcft fand and lime, I tried 
ikimmed miik, ferum of ox-blood, decodion 
of lintfeed ftrained, and thick mucilage of 
lintfeed, in the place of lime water. 

The mortar njade with any of thefe was 
fatter as the liquor was more glutinous, but 
was as liable to crack as mortar made with 
water. In the courfe of a year it appeared 
that each of thefe liquors encourages a vege- 
tation to take place on the furface, which 
gives it an ugly appearance, and tends to 
ruin it ; and that they all prevent the cement 
from acquiring the experienced hardnefs of 
K 3 our 
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ourT^eft compofitions, or indeed from having 
any competition with thenn in this particu-* 
hr. 

The notion therefore which is entertained 
hy the builders, conccrnipg the ufe of ikiixH, 
ined milk and bloody is erroneous^ uaiefs. it 
l3e confined to the YJier kiuds of mortar, 
yvhich may perhaps be improved by theip ; 
^becaufe a compofition of faud wljitii^g ^nd 
mucilage, grows harder than tb?t pf whiting 
an4 fand l^neJii(Je4 with w^t^j, 

It feems to ^ne that glutinoiis liquors 
and good lirne aft reciprooally QU eaoh other^ 
in the tirne of mixing thciix, tQ the deftrudioi^ 
of their reipedlive characters, and particular* 
ly to the cpnverliou of a^ p^yt of the quick 
lime into whiting j and tha^ if any kind of 
ii^iortar is improved by them, it is then eipe-«^ 
pially, when the workman takes advantage qf 
the fatnefs induced hy them, and uling lef^ 
than his cuftomary quantity of lirxie, fe.cure^ 
his work from Cracking. ' -, 

Olive oil mixed with good mortar, pr fuhf 
ftituted in the place of a part pf the lime wa-? 

ter, 
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ter, rendered th^ cement defeftiv6, as the 
quantity of oil was greater. The greatejft^ 
quantity ufed was half that of the lime. 

. LiNTSEEb oil ufed in ihe fame manner; 
mak^s the mortar fatter,, retards the drying 
of it, and prevents it from acquiring in any 
time, io great a degree of hardnefs as it other- 
wife would have. It was the more hurtful- 
as the quantity of it was nearer to that of 
half the lime : in much fmaller quantities it 
was lefs injurious than olive oil. Frorn my 
obfervatipns on this fubjedl, and on the com-> 
pofitions called oil cements, I have reafon to 
conclude, that no oil ought to be ufed in a; 
cement which confifts chiefly of fand lime and 
'tTater ; . nor any water or watery liquor, in a 
cementious mixture, which is moiftened and 
kneaded with oil chiefly* 

As lihtfeed oil whiting and fand make a cc-< 
ment which hardens to a great degree, in dry 
fituations, and abides the weather a longtimoi 
before the hardened oil relents^ it is not im-^. 
probable that lintfeed oil may meliorate mor- 
tar made with bad lime. But good lime and 
lintfeed oil feem to injure each other, in forms 
K 4 ing 
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ing a kind of faponaceous compound with thd 
lime water ^f the mortar. 

From the experienced efFefts of faUne, ge» 
latlnous, and oleaginous matter, 1 infer that 
cow-dung, which I have not tried, would imt- 
pair good mortar. It makes the common 
mortar fatter, and in that refped n^pre con-r 
yenient for pargeting the interior furfacc of 
chimney flues : it feems likewife to prevent 
the parget made with bad lime, from drying 
fo quickly and from cracking fo much as it 
otherwife would do ; the fibrous part of the 
dung being capable of contributing largely tQ 
this latter efteft. On thefe grounds it may 
be ufeful in bad mortar thus applied, whether 
it increafes the hardnefs of it or not; althq^ 
it is likely to impair goo4 naprtaT) 

Powder of refin intimately blended with 

mortar by grinding it with a part of the lime 

and lime water, was hurtful according to the 

- quantity of it ; the greateft quantity tried be-i 

^ng oner fourth of that of the lime, 

. Before I knew the event of thefe experi- 
ments I xriade ail inciuftation ou a wall front'^ 

H 
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Vig the foutb, but (haded from the fun after 
mid-day, with a cement compofed of fevcn 
parts of my mixed fand, one of the beft (lone 
lime, and the neceflary quantity of lime wa^* 
ten As foon as the incruftation was dry^. 
which happened in four days, I painted one* 
third of it with lintfeed oil prepared for pain-^ 
ters ufe, another third with white lead paint, 
and the remainder was feparated from thefe 
b^ a channel cut between them, 

' After fourteen months the laft-mentione4 
portion was very hard near the furface, and 
f'he induration extended deeply in the mafs of 
it, though not in fo great a degree of perfec-' 
rion as that of the furface : The painted por^ 
tions were alio very hard at the furface, bu5 
|:nternally much weaker than the other. 

From my obfervations of thefe Ipeclmens, 
and of divers incruftations in this city, which 
being made of bad calcareous cement,have been 
painted and fanded, in order to fill the cracks 
and fence them fron^ the weather ; I have 

had fuffici^ntreafon to conclude, that an incru- 
ilation, made as good as it may be with lime and 
f^n4 and lime water, is not bettered by paint- 
ing 
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kig it as foon as it dries ; that this coveSring 
retards the induration of it, by cutting off its 
cpmmynicetipn with the air ; that it there- 
fore renders it liable to be irreparably in-* 
Jured in wet weather, wherever the watef 
can' get behind the paint ; and that if paint 
or oil ought ever to be applied on fuqb 
^\>cco, it ought- not to be ufed in lefsthaa 
a year after the incrnftation is inade : T like*. 
wife found th;it the painting and fanding of 
the common defeftive incruftatioqs, contri^ 
tutes very little to their- duratioui ^Ithoiagh 
\t hardens them at the furface ; for it does 
not effectually prevent them from cracking | 
and it avails very little to paint the crackecl 
ftucco again ; becaufe cracked ftucco is al-^ 
w^ys hollow, as the workmen term it ; that 
is, it parts from the wall in the parts conti^; 
guous to the cracks, founds hollow on being 
llruck with the knuckle^ and falls off ia a 
fewyears^ if it be fo thick and large in ex* 
tent as to break the adhering portions by it^ 
* weight, 
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SECTION XVIII. 

^xtertments Jhe^ing the IBffedl of Sulphur^ inm 
troduced by different Methods^ in Mortar^ 
I 

IN my firft trials of fulphur, it feemed to be 
ufeful ; and this led me . to try it in 1q 
many different ways, and in fo njany mix* 
tures of lime and fands, and of thefe with 
ffmt powder and divers other fubftances, a^ 
woidd render the recital of all my obferva-^ 
tions on theeffefts of it inconfiftcnt with the 
plan of this effay : I muft therefore conteoq 
myfclf with comnitmipating thofe which I 
think moft' ufeful,. in fuch terms as may give 
ibme intimation of the manner in which the 
experiments were made, 

WtiEN the livigated powder of fulphur wa« 
jnixed with mortar already made of good ma-^ 
terials and did not exceed one- thirty- fecond 
part of the mals, it feemed to improve it, 
in the firfl: and fecond month, and fometimes 
4m:ing a longer time of comparifon- with 

mortar 
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mortar made of all the fame materials, tx^ 
cept fulphur, in fimilar proportions ^ But in 
ten or tvyrelye months the fulphur was fovmd 
injurious, and the more lb, as it exceeded the 
fojregoiqg proportion. The moft hurtful ef- 
ffeft of it was, its difpofing the mortar to re- 
lent in long continued rains, and grow quite 
friablf after a few alternations of freezing and 
thawing. It had the fame cShGt in mortal: 
containing feveral of the ingredients already 
named and of thofe hereafter to be mentioned. 

When the fulphur was mixed with frefH 
powdered lime, and thefe were ground brifk-f 
ly with lime water, a calcareous liver of fulv 
phur was formed, proportionate to the quan-* 
tity of fulphur ufed ; and the mortar inade 
with this mixture and faad, or with this an4 
fand and other ingredients, was worfe than 
mortar containing an equal quantity of thQ 
fulphur mixed in it in the fornfier method. 

The tranfparent liquor called liquid caj^ 
careous liver of fulphur, which confifts of 
fulphur diflblved in water by the inter- 
vention of lime, being ufed inftead .of 
water in making mortar with fand and 
limq in any proportions, was found more in- 

l|jur[ous 
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jurious than three times this quantity of un^ 
diflblve4 fulphur was, in the firft-mentioned 
method of ufing. it : and this liquor had the 
like efFeft in mixtures of mortar with divers 
other ingredients. Whence I infer that ful- 
phureous mineral waters ought not to be ufed 
in mortar. 

If the plan of thefe experiments had not 
comprehended the noxious as well as the ufc- 
ful ingredients, and I had not refolved to 
diftruft every theory, I might have prog- 
nofticated the event of thefe mixtures, in 
confequence of my certain knov^rledge of the 
operation of fulphur lime and air on each' 
other. 

When fulphur and lime are moiftened 
with water, and expofed to air, the acid of 
fulphur being attrafted by the lime, whilft 
the phlogifton of the fulphur is attracted by^ 
the air, a decompofition of the fulphur takes 
place, and new compounds are formed. The 
acid and lime gradually form felenite or gyp-* 
fum, whilft the air combined with the phlo- 
gifton is wafted away. Therefore lime, by fb 
much of it as is thus expended in forming 

gypfym, 

Digitized b^ ^_-- ^, ^.^..C 



[ r42. 1 

g)r|>{uai, IS not oiily unable to iO: as a dii^' 
Hable cement of the grains of fand, but is 
capable, according to the experiments of the 
fixtcenth fedion, of counterafting the ce- 
menting powers of the reiiduary part of it^ 
when the mafs of fulphurated. cement is cx^ 
pofed to the weather* 

The pleafing warm colour which fulphur 
induces in calcareous ftucco, vvhilft it is 
frefh, and the promiling appearances of fuch 
an incruftation in the firft year^ have, if I am 
rightly informed, already mifled an artift to. 
apply it freely at his own rifque. I wi(h thefc 
obfervations niay ferve to undeceive him. 

About this time, the imitation of coloured 
fVones, by incruftations, became an obje^: -of 
my attention ; and fome of the fubfequent . 
experiments were made with a view to it, as 
well as to the purpofes already exprefled- , 
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SECTION XIX. 

Experiments Jhewing the Effects of Crude Anti-^i, 
mony^ Regulus of Antimony^ Lead Matt^ 
Potter^s Ore^ White Lead^ Arfenic^ Orpi-- 
menty Martial Pyrites and Jlaked Mundic^ in 
Mortar^ 

CRUDE antimony reduced to an impal- 
pable powder and then ground with 
the lime and lime water, operated in mortar 
as fulphur does when it is ufed in the fame, 
manner and in the quantity which the crude 
antimony contains. The antimonial powder 
moreover induced a difagreeable blueifli co- 
lour, which in a little time became brown 
and afterwards yellowifli. 

When the powder of antimony was mixed, 
i\\ the mortar after it was ipade it was lef$ 
injurious. 

Regulus of antimony tned in the farli© 
way, feeihed to •have no other effedt than 

that 
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that which is produced by the admixture of* 
(tint powder or other fine powders of hard 
bodies^ 

Powdered lead matt and potter's ore of 
lea^ aded like crude antimony^ but more" 
flowly arid weakly in equ^i quantities of 
themii 

White lead was found exceedingly infu« 
rious, which I expefted ; for I had long be- 
fafe difeoVered and (hewti In toy public? 
Coutfes of Chymlftfy, that a great pftrt of 
white lead is acidulous gas, into which vine*^ 
gar is eafily convertible in the procefs foif' 
making white le^d and in mimy others ; and 
1 forefaw that the litlie, attrafting this mat- 
tef, would be reduced to the condition af 
whiting in the time of making the mixture*^ 
and that the mortar would confequently bd 
defedive. Tlic white lead, as faft as its aci- 
dulous gas is drawn from it by the lime, be- 
comes yellow like maflicot. As white lead 
improves the oil cements, thefe experiments- 
fhew that there is no true analogy between 
the calcareous water cements and thdfe 
which are caUed oil cementSi _ . , 

Arsenic 
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- ARSJElNie operated in mortar like the neutral 
falts ; and orpiment produced the injurious 
iBffe6J:s experienced of fulphur and of arfenic ; 
which cfFeds were greateft when the orpi- 
ment was ground with the unflaked lime and 
lime water* Orpiment imparted a dark, 
brown colour at firft, which foon becamei 
yellow and afterwards difappeared* 

; TliE niartial pyrites Called mundic, heated ' 
tfa rediiefs, and then flaked by moiftening it 
'i^ith water whilft it was hot, operated likei 
crude antimony, with this difference only, 
that a greater quantity of it was required to 
produce the fame effect ; for this reafon, as I 
tH)nceive it, that the quantity of fulphur in 
martial pyrites islefs than in crude antimony,' 
and being held in it by a more forcible at- 
traftion, is prevented from adding fo freely on 
the lime of the mortan The colour induced 
by the flaked mundic was at firfl blueilh and 
afterwards turned to that of iron ruft. 

. The . mundicj which wasi that of Wiel-i 

Virgin in Corn wail, ufed in its native flate, . 

m mortar, kept me in fufpence upwards 

cff twelve, months; It was tried not only on 

/ L tiles 
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tiles, but in large incruftations on walls, be- 
caufe it promifed great advantages at iirft* 
When the quantity of it did not exceed one 
twenty-fourth of that of the mortar, it mani- 
feftly increafed the induration of the cement 
during the firft nuie months ; but after fonrteen 
or fifteen months it difpofed the incruftation to 
relent, the more as it was oftener wetted or as 
the place was damp, and from being exceed^ 
ingly hard, to become penetrable to a pointed 
inftrument puihed only with th6 hand, and 
as brittle as chalkftone. The colour and 
changes of colour of the mortar containing 
native mundic, are fimilar to thofe produced 
by the flaked mundic, and are not at all plea- 
fmg to the eye* The efFefts of much fmaller 
Quantities of this matter in mortar do not yet 
appear lb clearly ; but there is no reafbn to 
prefunae that they will be of the famiC kindy 
though in a fmaller degree. 

These and the preceding experiments in- 
dicate that all bodies foluble in water, not ex- 
cepting arfenic, and all thofe which are capa- 
ble of efflorcfcing, or of being decompoled by 
air and moifl-urej, are hurtful in mortar ; and 
they teach us to avoid thofe kinds of gravel 

which 
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which are impregnated with pyritoUs mattef^ 
whether it be arfenical, metallic, aluminous, 
or calcareous. The efFefts of regulus of an-* 
timony, and the (peedy decay of the cheaper 
metals, however perfedly they are defulphu- 
tated, give ftrong grounds for prefuming that 
calcareous dements, which are to be expofed 
fully to the Weather, are more likely to be 
injured than improved by metalliq matter in-* 
troduced in any form* ' 
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SECTION XX. 

Kxperiffients Jhewing ihe EffeSis of Iron Scales, 
' wajhed Colcoihar, native 'Red Ochres, Telhw 

r OchreSy Umber, Powder of coloured Fluor, 
coloured Mica, Smalt, and other coloured Bo^ 
dies, in M rtar. \Adyices concerning coloured 
Jncrujiations, Itifide-Stucco, and damp Walls. 

IRON fcales from a fmith's forge, which 
confift of iron femi-calcined, and are 
thought by many artifts to improve mortar, 
were tried eighteen months ago, by grinding 
them to a fine powder, and mixing this in 
mortar, to half the quantity of the lime, and 
in fmaller proportions. 

TriE larger quantities, in the courfe of 
twelve or fourteen months, appeared to be 
hurtful ; and by thefe I judge of the fmalleft, 
which do not yet appear to produce any re- 
markable effeft in incruftations made in dry 
fituations, except the rufty colour which 
they induce. But in thofe which reached 
• ^ • near 
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I near the ground, and in others nntade on tiles 

which were laid. flat on the ground in a fha- 
• .ded damp corner, in both of which inftance« 
the incruftations were always moift, the iron 
powder feemed to render the cement a little 
harder than it could otherwife become in 
the fame time in fuch circuniftances, and it 
certainly made it clofer in the grain. 

By thefe experiments I am inclined to think 
that iron powder, which, .during its con- 
verfion to ruft, imbibes a great deal of aci^ 
dulous gas and ' air, and fwells coni^derably,, 
may be ufed with fuccefs, where the proper 
induration of good mortar is prevented by 
continual moifture, and the chief purpole 
of the cement is, to exclude water perfectly, 
by the clofenefs of its texture, to which the 
fwelling of the iron contributes not a little,. 
If it is capable of producui^ any defireable 
efFe(3:s in cements otherwife circumftanced, 
thefe are to be expefted only when the quan- 
tity of it does not exceed one-eighth of that 
of the lime, or Qne-^fiftieth of that of tho 
ipafs of mortar. 
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Washed colcothar of iron, native red 
ochres, yellow oclires, and umber, had the 
effects of fmaller quantities of terras, or of 
equal quantities of flint- powder, 

CoLOXTRED fluor and micaceous ftones, co^ 
loured marble^ fmajt, and divers other co^ 
loured fubftanccs^ which are infoluble in wa-s 
ter, reduced to fine powder, induced their re- 
fpedkive tints in the incruftatiofis, l|Ut adecj 
like flint powder. 

From the experienced efiedbs of coloure4 
calces of iron, and of divers fulphurated an4 
perifliable metallic powders, I learned tha^ 
thefe ought not to be ufed in external incry f* 
rations ; fin(:e they render them rnpre defec- 
tive as they colour them deeply ; and I turped 
my thoughts' to the difcoyery of forne qther 
expedient for inducing permanent cqlouf 
ivithout injuring th? cement^ 

I SOON found that this n^ay he done, witi| 
regard to the lighter and pleafanter tintjb, by 
|he ufe of coloured fands, or the coarfe gritty 
forted powder of hard and durable coloured 
bodies* jbynn iau4 afFpr4?i ^ whjte cenien| 

which 
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which IS the better, as more of the fineft 
part is fifted out of the fand. Thames fand 
makes a grey cement not unlike Portland 
ftone, and this colour is agreeably varied 
by the ufe of grey bone-afli, of which we 
ihall prefently treat, 

A RICH yellow tint is obtained by ufing 
the golden yellow fands, of which kind there 
is one near Croydon in Surrey ; and a fmall 
quantity of this fand mixed with Lynn fand, 
gives a warm white, and with Thames fand, 
an exa£t refembhnce of the Bath ftone, 
Thefe are the moft eligible tint3 for the 
fronts of bdCfes* 

Until I had tried the gliftening fcaly 
talcs, I imagined they would ferve to impart 
all other tints, as they may be had of any 
colour, and are as durable as they are plea- 
iing to the eye : but they were found to 
weaken the adheiion of the cement to the 
wall, and to make it fo rough and (hort, that 
it was almoft impoffible to form a fmooth 
compa^ incruftation ^ with it, unlefs the 
Jime were ufed in exceffive quantity ; and ia 
ib(? CQurfe of eight or nine months it ap- 
h 4 peared 
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pearcd that the cements, in which they werd 
mixed in the quantity neceffary to produce 
ftrong tints, were rendered fppngy, and 
greatly weakened by them, 

Scaly gliftening mica, firewed equably 
on an incruftatioh previoufly wetted with a 
|:hin mixture of lime waiter and lime, 'an4 
gently comprefled to lay the fcales flat, im- 
parts its colour with the fulleft efFed. In 
this way coloured mica may be ufed, where 
it is cheap, on external incruftations, if the 
perfpedtive appearance of a building can be 
improved by different colours of any members 
of it: and this kind of colouring greatly ex*- 
eels painting, in the fickle weather of our cli- 
mate, becaufe it lafts iinfaded, a 5 long as the 
micaceous cruft, 

To tinge a cement fufficiently for prof- 
peft or contrail, of any colour which is not 
found in fand, fo that the incruftation (hall 
not be impaired, and that the colour fli^ll be 
as durable as the cement; I found nothing 
more advifeable than to ufe, in the place of 
the fand, or of a, part of it, coloured glaflesor 
coloured ftpnes of the hardeft kind, beaten to 

foarfq 
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foarfe powder/ the finer parts of which arQ 
to be waffled away, hbt merely becaufe they 
'.are injurious to the* cement, but becaufe I 
have obferved that they contribute very little 
to the intended colour, . . . ^ . 

The drying, induration, and texture of in- 
cruftations made on brick walls and otheF iN 
regular furfaces, are always fb far unequal as 
to exhibit vifible traces, which deforfri the 
work and cannot be effectually obliterated by 
any known method fo convenient as that of 
covering the firft coarfe incruftation, after it 
has dried, with another coat which may be 
made finer and fmoother. Thus theexpence 
of fine grained fmooth or coloured llucco is 
rendered moderate; becaufe the finer^' or the 
colouring material's, may be referved for the 
exterior coat,, which will laft. for ages, if the 
cement be good; as we (hall fhew, wheji we 
come to confider the experienced duration of 
the beft calcareous cements. 

As the mouldings and paintings which are 
expended on the foft ftucco now ufed, and 
which contribute fb much to the magnifir 
fence of our apartments, can be equalled, in 

thw 
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their ornamental effeds, by the double iiN 
cruftations which I have defcribed, and greats 
)y exceeded by thefe laft in the hardnefs and 
duration of them, I do not doubt that 
plaifterers will adopt this improved method, 
when they find that it is confiftent with their 
0¥^n intereft, a$ well as with that of their 
employers, 

I AM not fufficiently acquainted wuth their 
bulinefs to form a juft eftimate of this fub- 
jed ; but I will fubmit to their conlideration 
a few obferyations which would influence me 
very much in the choice of ilucco fov a 
houfe of mine, 

The compofitions heretofore ufed for ftuc* 
coing within doors, are incapable of harden* 
ing conliderably, and when they are laid on 
the naked walls, foon become tarniflied, un^ 
fightly, and inconvenient, by the dampai 
which the workmen call fweating,. and 
which are, in my opinign, of two kinds j 
one I will call damp by tranipiration, the 
other damp by condenfation. The damp by 
tHranfpiration occurs, when the principal walk 
9Xt iluccoed before they have dried, or when 

the 
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the materials of them are fo fpongy as to Im-^ 
bibe the rain, and the circulation of air with* 
in the houfe is not fufficient to waft away tha 
moifture v^hich tranfudes from the wet wall 
into the ftucco ; and efpecially when the ex- 
halation of this moifture from the ftucco, is 
impeded by the clofenefs of its texture ; for 
all fuch bodies retain moifture the more for-f 
cibly, as their pores are fmaller, and as the 
air meets more difficulty in pervading them, 
I fee no reafon to dqubt that this niconve- 
liience would be obviated by making the in^ 
cruftation of a texture fimilar to that of the 
jnaterials on which it is laid ; and that the 
cement made with about feven parts of fand, 
one of lime, and the lime water, and im-? 
proved, as we fliall teach hereafter, by the 
admixture of bone-afh, would continue dry 
in fuch cirgumftances, becaufe moifturp 
quickly exh^lgs from it, by reafqn of its teif-^ 
ture, 

The damp which feizes incruftations, 
when the walls are badly conftruited, wheix 
the joints of the facing bricks become hollow 
by th^ deca^ of the mortar, pr when the con 
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pings or gutters are defedive, do riot fall wii'' 
der our coniideration. 

The damp by condenfation appears moft on 
the fineft and cloleft incruftations, however 
perfeft and old the walls may be. To find the 
proximate caufe of it, we need only to advert 
to that which gathers on glafs wmdows, whilft 
the wainfcoat and other fpongy bodies, which 
ferve to inclofc the fame rooms, remain dry; or 
to the moifture which gathers on w^alls faced 
with the clofer kinds of ornamental marble, in 
fumptuous buildings,at the fame time when the 
walls and incri|ftations, which are contiguous to, 
them, and are of a coarfe texture, are quite dry. 
In thefe and other inftances we may perceive, 
that the damp is owing to the clofenefs of thef^ 
bodies, and that a f|:ucco pervious in a certain 
degree to air and moifture, will be free from 
it, as well as from the other lately mentioned. 

The plaifterers, finding their . ftucco, 
which is as fine anci clofe as they can make 
it, liable to contrafl: thefe damps, efpecially 
on the principal walls of houfes, cafe thera 
with lath-work, on which the Incruftation 
is laid diftant from the wall. In this way 

they 
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they obviate the appearance of damp ; but 
they at the fame time contraft the rooms, 
and narrow paflages and ftaircafes fenfibly^ 
at a great expence. This is enhanced by the 
repeated plaiftering neceflary to fill the flender 
cracks which disfigure their incruftation 
during the drying, and by the oiling or paint- 
ing which is finally required to hide this de- 
feat compleatly, if not to give colour. Thus 
the work becomes coftly, although the 
plaifterers profit is moderate. 

\On thefe confide rations I am inclined to 
the opinion that it will be found as advan* 
tageous to the plaifterer, as to his employer, 
to prefer our cement before any other, for 
internal incruftations ; efpecially when no 
other colour is required, befides thofe which 
may be imparted by coloured fa»d, or mate- 
rials which do not. greatly exceed it in price. 
I. would not interfere with the workman, iu 
forming an exa<3: comparative eftimate of the 
expences, if I could do it ; but I will venture 
to affirm that an incruftation made as I have 
defcribed, or in the improved method here- 
after to be (hewn, will be found ultimately 
cheapen than apy other yet. difcovered, for 

the 
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the following feafons. It will be niore du« 
rable by reafoh of its greater hardnefs ; i€ 
will retain its colour longer unfaded, becailfe 
the colouring materials do not tarnilh or 
perifh like paint ; it will preferve the Iharp- 
nefs of the mouldings and the elegance of its 
appearance longer, becaufe it will not require 
the frequent painting which foon blunts the 
figures and mouldings of ordinary itucco; 
it may be finifhed with lefs labour^ becaufe 
it is not apt to crack in thefe circumftaricesi 
and does not need many coats and repeated 
plaiftering; and as it is not likely to con- 
trad damp, it will fave all the expences and 
inconveniences of lath-work, whether it be 
laid on partitions or on principal walls, pro-* 
vided the cement applied on the former be 
not mad^ of the finefl materials^ 

If a polifhed and white furface of ouirftuc- 
CO ihould be required, it ought to confift of 
two layers : the firft of which is to be coarfe 
and capable of hardening to the higheft de- 
gree ; the fecond is to confift of flint pow-- 
der lime and lime water, and is to laid on very 
tliin, and finely fmoothed.. To give a rich 
colour tc^;etker with a fmooth furface, to out* 

bcft 
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beft incruftation, We muft ufe, in the place 
offline powder, for the finiftiing coat, the 
coloured powder of fands, or ftones, or glaflesj 
and introduce as much of the colouring in^^ 
gredients ufed in painting, as will be fuffi- 
cient to give the required appearance, avoid- 
ing thofe which are Ipoiled by lime. ' 

To my eye, the warm white, or coloured 
ilucco which is not quite fmooth, is the plea- 
fantcft : but thofe who prefer the fmootheft, 
n'.ay have it made at a moderate expence. In 
this laft-mentioned method, in which the 
ufeful and folid part of it, contributes to tbe^ 
fupport and duration of the weaker orna-, 
mental coat, which thus circumftanced is 
likely to preferve its beauty for a very long 
time, although it might, in the weather, 
be impaled in three or four years. 
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SECTION XXI. 

Experiments Jhewmg the Eje^s of common Wood-^ 

aJheSy calcined or purer iVood-aJhes^ elixated 

jijbesy Charcoal Powder\ Sea CoaUaJheSi 

r and -powdered. Coaky in Mortar \ and Obfer- 

- vations on their integrant Parts^ and the l)if- 
ferences between them and the Powders of other 
Bodies. 

IHE ames of wood and fea-coat are, 
frequently mixed with mortar, orufed. 
ill the place of fand, in laying tiled floors,, 
sind -even in. external iricruftatlons. Some- 
workmen fay they are tifed in the former 
cafe to fave fand ; , others that they ferve to 
refift moifture ; aAd thofe \vho feem to be the 
beft informed affirm, that they haften the 
drying and induration, and prevent the crack- 
ing of mortar which is laid very thick in 
order to fill the depreffions of walls which 
are to be ftuccoed ; and that they are ufed irt 
finer incruftations with the folc view of pre-* 
venting cracks, . . . 

\. . : . . :' : Tffli 
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ThS a(hes of the fame kind of wood dif** 

lef, according to the dircumftances in which 

they are formed, even upon the fame hearth^ 

tiot only in colour, but in other particulars 

known to cheniifts> which I fliall attend to 

prefently* As the ieparation of thefe diffc-- 

tent forts of alhes is not praSicable at a mo*- 

derate expence, and never is attempted \ by 

the workmen, I contented myfel^ at firft^ 

with procuring the afties of cleft pollards 

burned on A hearth, and with fifting the 

whole quantity of thetti, to.ftee the fineir 

pirt-from the fragments and coArfe pdWder 

of charrcc! wood which foriiied a gfeat part of 

the bulk of thetn* The lifted alhes were grey 

inclining to broWn, llrongly, alkaline to th* 

tafte, and viewed through a Convex lens, were. 

found to contain a donfiderable quantity of 

fine charCoal-powder, which I eftirttated at 

t)ne (ixth or more of their bulk. ' 

To learn the effeA of the purer aflies, at 
of the mote dephlogifticated earthy and fa- 
line parts feparated from the charccjal, I took 
about a gallon of the fifted aflies, and burn- 
ed them on a teft in a reverberatory furnace,, 
jvith a heat not exceeding that of a culinary 
' ..' ' ^''' U ^ 'fire 
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fire, taking care to accelerate the dombuftion 
of the charcoal powder Goiitained in theib 
and render it equable thro' the whole heap, 
by ftirribg it, and prcfenting frefli furfaces to 
the filir^ until the whole was rendered income 
•buftiblc* After this procefs, the powder^ 
which I (hall call calcined wood a(he$, wa6 
rather brown, than grey, and retained its fir 
Kne tafte^ 

On trying the lifted wood afhes in my beft 
mortar, and in other mixtures of fand and lime, 
I found that they gave the cement a fpongy. 
texture^ and enabled it to dry without ct-ack- 
ing, when the lime was not uied in exceflive 
quantity ; but that they prevented it from 
acquiring the hardnefs of mortar made of 
lime and fand only : fo that the advantages 
which they promifed to afford in certain cir- 
cumftances, appeared to be counterbalanced 
by the permanent weaknefs induced by them ; 
which latter efFe£k was the greater as the 
quantity of the afhes came nearer to equal 
that of the lime. 

The calcined wood afhes likewife prevent-* 
ed the mortar from bracking, without ma L 
ing it fo fpongy : but they manifeftly Im^ 

peded 

Digitized by VjOOQ iL 



t ^63 -] 

peded the uiduration of it, and difpofed it to 
be injured by r^in, in the fame manner as 
fmall quantities of alkali were found to do. 

On a ftritt comparifon, the calcined wood 
afties, which we may confider as aflies freed 
from charcoal powder, appeared to be much 
more injurious than the uncalcined. This I 
imputed to the greater quantity of alkali in 
the former, which is hurtful in a double ca- 
pacity ; firft as a faline body ; and fecondly 
as a compound whiich yields its acidulous ga$ 
to lime^ in the inftant of mixture, and con- 
fequently impairs the cement. 

Mortar made with bad lime in the ufual 
proportions may neverthelefs be improved by 
fifted wood afhes ; for the coal and eatthy 
part of thefe, if they were only equivalent 
to fo much fand, render it Icfs liable to 
crack ; and the bad eiFedts of the alkali may 
be greatly overbalanced by this advantage, in 
an incruftation which is required to be ra- 
ther uniform and fecure from cracking, than 
hard and durable in the higheft degree. 



M z . Imvst 
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I MUST not omit this opportunity of ob* 
ferving that calcined wood afhes, and even 
the (ifted frefh wood afhes, improve plaifter 
of Paris in hardnefs, to a very great degree, 
if it be kept in a dry place. The Ibltttion 
of this phaeiioraenon is not difficult* 

Any perfon who intends to repeat my ex* 
perimentson calcined wood^a(hes, oughtto take 
care that they be not calcined with a ftron* 
ger heat than I defcribed ; for if he exceeds 
this, the afhes, after the ligns of their comr- 
buftion have ceafcd, will fmoak ftrongly, a 
part of the faline matter being fublimed m 
the mean time ; and the remaining earthy 
and faliue portion will form a light grey or 
brown femivitrified gritty powder, or will 
concrete into lumps. This matter will then 
be found infipid and equivalent to fand, in 
^ mortar, as I have experienced ; for it differs 
as much frorn wood afhes, as the powder of 
potters-ftone-ware differs from the raw clay. 

Whilst I was employed in thefe experi- 
ments, the following thoughts occurred to 
me. The afhes ufed by the workmen, being 
pafl^ through a jcojurfe fieve, may 'confift 

1 . ' . ' - far 
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for the greater part, of charcoal, which af- 
terwards is beaten finer in making the mor- 
tar : The aflies ufed by builders whofe dura- 
ble, works authorized this practice, might 
have been the refufe of manufadtories of pot- 
afh, in which the faline matter is always 
carefully extraded from them ; and charcoal 
powder or elixated alhes may greatly improve 
mortar, altho* aflies finely fifted and replete 
.withfalts fliould impair it. I therefore boiled 
my calcined wood-aflies in water, and repeated 
this operation twice in frefli water; knowing 
that one elixation does not free the aflies per- 
fectly frona the faline matter : I then dried 
the infipid aflies thoroughly, and ufed them 
in this ftate, under the name of elixated 
wood-aflies. At the fame time I provided 
charcoal powder fifted thro' the fame fieve 
which I ufed for the wood-aflies^ 

After a great number of experiments 
made in the ufual manner with the elixated 
aflies, I found that they rendered the mor- 
tar fpongy, dilpofed it to dry and harden 
quickly^ and prevented it from cracking, 
more eiFe£tually than the like additional quan- 
tity of fand would do it. They did not ap* 
M 3 pear 
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pear to induce the defefts attending faline 
bodies in mortar ; they only niade it weaker, 
as the quantity of the elixated a{hes was 
greater relatively to that of the fand or lime, 
This weaknefs, however, vvras not fuch as 
the unwaflied afhes or faline bodies produce, 
but rather of the kind which I pointed out 
in thofe parts of the foregoing feftions, 
wherein I endeavoured to fliew, that cemen- 
tious mafles refift edged inftrunients or any 
force tending to break them, the more weak- 
ly, as they contain more of the fbfter an4 
brittler calcareous matter, or as Ibfter grainy 
are fubftituted fpr a part of the fand. 

In every coniparifon of the Ipeciniens con- 
taining unwafhed wood-aflies, with thofe in 
which the elixated afhes were paixed in thq 
fame proportions, it clearly appeared that 
the latter are to be preferred ; and that neiT 
ther of them ought ever to e3;cee4 half the 
quantity of linie, in goo4 mortar. 

^ flint powder and other earthy pow- 
ders were found to dilpofe mortAr to crack, 
I could not conceive how the elixated wood- 
a(hes operated lb efFeftually in preventing 

• ' this 
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this defeat:, iiiitiM examrned them attentive- 
Jjr, and found them to differ from the other 
powders in two particulars. Elixated wood-, 
aihes contain very little powder of the fin^f - 
kind ; they feel gritty between the lingers, 
and appear to conlift of ragged fpongy fmall 
grain? compreffible to a coufideraWe degree 
in the heap. How a powder thus condition- 
ed prevents the cracking of mortar pr other-- 
wife improves it,' I (hall attempt to explain, 
after dating other fads upon which my no^ 
tions of this fubjed are founded. 

Charcoal powder had the iamfe.efieds as 
eliKatfedivood-aflie^, with thefc diffcreiaceson-' 
ly, that the cement?* containing the largw 
quantities of chatcoal powder could be more 
eaiily put, and were of a bluer colour, than, 
thofe containing the like quantitieapf rii^^atedi 
woeldafties. The powder which J ufed was- 
fifted like the afhes ; and, viewed through i\ 
jnicrofcope, anfwered tp the defcriptipn lately 
given of elixated aihes, 

The Ikreened aihes of Newcaftle coal con- ' 
fift chiefly of charred coal or coak, and as they 
ippnta;ri very little faline matter, are infipid, 
M 4 When 
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When i reduced them to powder, and paC. 
fed them thro' the fieve, they anfwercd fa 
the defcription given of elixated wood afhes, 
and produced nearly the fame eiFecSls in mor- 
tar. They did not weaken it fo much as 
dbarcoal powder had done ; which I impute 
to the greater hardnefs of the fmall gr«iias 
of coak,/ 

• In all thefe comparlfons, it is to be uiideN 
ftood that I made them at the fame periods 
of the induration of the feveral fpecimpus« 

' From thefe experiments I conclude that, 
where a choice can bemade^ thefe. pi>w4^s 
aire eligible in this order ; elixated wpod i(he$[ 
freed from the fincft plowder io waihing, 
firft ; powdered coak or ie?i coal cinders, 
next; charcoal powder next; rough wood, 
afties powdered, laft : But well burned fipo 
pnwafhed wood-afhes ought not to' be ufed at 
all in external cementious work or iqcruft^tiQii, 

The laft of thefe gives a difagreeable gJ^ ^ 
or dulky colour to the cement if and; \he 
jothers, a blueifh or ilate colour, ftiH mprei 
offenfive to the eye ; for which rc&ipn thfjT 

, • ^ aro 
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are unfit for any work that is not hid from^ 
the view* 

As my reader may not fully underftand! 
what I briefly mentioned . concealing the 
fenfible difference between thefe laft examin- 
ed powders^ ai?4 ;pthers noticed in the pre- 
ceding ieftionsj. I will thus exemplify my 
notions. Wood confifts of watery and vola- 
tile, parts which are expelled by heat, and 
of fixed parts whiph conftitute the; charcoal : 
and charred wood, which greedily imbibes, 
^ir or water in great quantity, may be con- 
^dered as an afleroblage of capillary tubes of 
divers figures and fizes. So we may likewile 
confider the fragments of charcoal, and each 
yifible grain of its powder* But as the mcft 
brittle bodies are flexible when they are made, 
fufficiently thin, the charcoal powder is an 
aiTemblage of fmall flexible or compreiTible 
tubulated bodies. 

As the charcoal which Is the more fixed 
and folid bafis of wood, Is ipongy after the 
Juices are expelled in charring ; fo the afhes 
of charred wood are, after the elixation, an 
gflemblage of fpongy or tubulated grains out 
- ^ • • • ■• - • of 
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of which the phlogiftic matter has efcaped dur- 
ing the combuftion : and the texture of thefe 
grains differs from that of the grains of fine 
iand or of flint pp\ydcr, in the fame manner, 
if not in the fame degree, as the tiexture of 
iponj^e differs from that of a flint. And we 
may conceive the un^v^alhed wood aflies, as a 
heap of fmall ipongy bodies cloggejj with air 
lalinefalt. 

Upon the fame grounds, the relation of 
/coak or fea-coal-cinders to the raw coal, is 
analogous to that which chartroal bears to 
WQod, or fpongy pumice ftone to porphyry ; 
and transferring thefe obferyations io bpnes; 
and confidering the fmaljer yeffels and finer 
texture of them than of wood, we fliall find 
the powder of charred bones to confiflr^of tti»» 
bulatcd or fpongy bodie§ like thofe of char- 
, coal powder^ but pervious by flenderer and 
hardef tubes; and bone-a(h, which is the 
gritty powder of well, burnt bones, tp haye 
the fame relation tp the charred bones, which 
elixated wood-alh(?s have tp chafcoal powder; 

Thus I have thought of thefe fubftances, 
after having obferved what happens to them* 

ii> 
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in the preparation ; examined thena by a mi- 
crofcope ; experienced their efFcfts to be fo 
different from ' thofc of fineft fand, or pow-? 
dcred ftones, in mortar ; and finally difcoyer^ 
ed, by repeated experiments, the detail of 
which is not now neceffary, that femiyitri- 
ficatjon, which deftroys the fpongy texture, 
and levigation, which breaks thefe fpongy 
grains down to the particles of which they 
are conftrufted, render charcoal powder, 
wopd-aflies, powdered fea-coal-cinders, and 
others of the like kiqd, incapable of afting 
in the manner defcribed, in calpareous ce* 
inents* 

A^h thefe things being confidered, I iija-j 
pute the tffed:s of thefe afhes, ox powders, 
to the tubulated ftrufture and compreffibility 
T)f the integrant parts of them ; and in the 
next feftion I fliall offer all that I have at^ 
tempted further, theoretically or practically, 
relative to this fubjeft. 
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SECTION XXII. 



Experiments Jb$wing the EffeSls of white and 
gr^ Bone afhesy and the Powder of Charred 
Bones ; and theory of the Agency of thefe in 
the beji calcareous Cements^ 



TT ONG before I had tried all the powders 
jP A heretofore mentioned, I ufc4 bone^afli 
in many experiments, and faw the effects of 
it in mortar.- For the fake of, brevity and 
perfpicuity I refcrved the relation of them 
for this fe(3:ion : and in order to ihew more 
clearly the analogy in texture, bettyeep 
bone-aihes and ^the powders lately men^ 
tioned, and to fugg^ft the means of pro- 
curing them in any part of this country,, 
I ' will premife a Iketch of the moft pro- 
fitable proceffes by which they are prepared, 
at i moderate price not much exceeding that 
of good ftone'lime. 



Thq 
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Thk bones collefted in great cities, j&rt 
broken to fmall fragments in a mill; and boil- 
ed in water, in order to extricate and fave the 
oil of them* They are then put into a large 
iron ftill, through an aperture which' is flop- 
ped up clofely after the charge is made. Thfe 
flill, which opens into an apparatus of re- 
frigeratory veffels, is heated gradually tot6d^ 
nefs, until all the volatile alkali, comm^rit;^ 
Called {pirit and fait of hartfhorn, is expelled 
from them, together with ertipyreumatic 
oil, water, and certain elaftic invifibie ^\Ads : 
The alkali, being the only valuable article 
amongft thefe, is retained and condenfed in 
the refrigeratory tubes and veffels with all 
poflible care, whilft the elaftic fluids, left 
they (hould burft the veflels,' are fuffered tb 
cfcape in places diftant from the fire or the 
flame of candles, becaufe they are combuftir 
ble, and if they catch fire whilft air remafh^ 
in the condenfing veflels, ftxplode like gun- 
powder. 

The bones thus heated without being ex- 
pofed to the air, are charred to blackoef^^ 

•but ftill remain combuftible. When they 

are required in this ftate, the iripn, ftillrii^. 

kept 
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Jkejit clofe^ until the/ cool, and £heh th^ 
bkckeft of them are ground to fine powder, 
which is ufed as a fubflitut^ for ivory blacky 
which is prepared in the fame way from 
ivory. The coarfer powder of thefe, is what 
I underftand by powder of charred bones# 
But when this is not the manufacturer's de- 
iigUy the door of the iron ilill is opened 
whilft it is hot, and the charred bones, which 
ilame and burn when they meet the air, are 
thrown into a kind of kiln, at the bottom 
of which the air can freely enter, and main- 
tain the combuftion, until the bones arc 

^ burned to whitenefs, for the greater part. 
The white fragments are picked, and rather 
bruifed, than ground, to a gritty powder, 
by a millftone which rolls on them vertical- 
ly over an inclined circular phne. This 
p6wder pafl'ed thro' a fieve is called hone- 
yed, which are much uied in metallurgy, 
^nd fitter for our purpoies in incruftations, 
than the powder of burned bones ground as 

' pigments are. The fragments which have 
4iot been thoroughly burhed in the kiln, form 
a dark grey powder ; and mixtures of the 
white and grey burned bones afford boue- 
ail^es of th^ lighter grey coloors. 
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The whole qusmtlty of bone-aflies, whkll 
is to be ufed m the fame bcruftation, oughi; 
Co be well mixed ; for it is impoffible to fori; 
the well burned or the grey bones fo accu^^ 
rately as to fecure an unity of colour in the 
parcels of powder which are fucceffively pre-r 
pared^ and a very fmall variation of colour 
will be feep in the incruftation^ 

Mr. John Oliver of Hoxton, who is a ve^ 
ry liberal and ingenious artift, prepares bone- 
aflies, judicioufly adapted to the purpofe? 
which I am jnow to mention, at a very low 
price, as well as the coarfer kind which is 
tifed in making cupels and tefts by the refin- 
ers. I (hall : diftinguifli the , former by the 
name of forted bone-alhes ; becaufe they arc 
freed from tiie fineft and the coarfefl:^ parts of 
the latter. 

As I knew that bone-^afhes confift chiefly 
of calcareous earth, and may be reduced to 
lime, by diflblving them in acids, precipitat- 
ing the folution by alkalies, waftiing the pre- 
cipitate perfectly and then burning it, I tried 
them with fand in different ways, in order to 
learn how far they, refemble lime in their ce^^ 

laenting 
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inctttitig properties ; and found that the fort-- 
ed bone-a(hes had very little cfTeA ; but that 
tompofitions made with the levigated poWdei* 
of thefe and fand and water, were nearly e* 
qual in hardnefs to thofe made with whiting 
and fatid kneaded with water in the fame 
jpropottionSy and were not io liable to crack- 
Hence I inferred that bone-afhes, of which 
five-fixths are calcareous earth, could not im-^ 
prove mortar by any augmentation of the ce- 
menting powers of the lime, although they 
might be ufefbl in other refpe^ts, and that 

khty could tiot fupply the dcfedt of lime in 

Iquantityot quality. 

J[k the courfe of two years I made fo ma* 
tiy experiments with Jbone-aflics mi;ced in 
tnortar compofed of Kme fand and lime wa* 
ter, in different proportions, and of thefe with, 
divers other ingredients, that I may venture 
to fay I Attained a thorough knowledge of 
their effeds, and need not heiitate to relate 
them in the ftyle of precept* 

The forted bone-afhes, mixed with mortar 

in any quantity not exceeding that of th^ 

lime, difpofe the cement to fet ijpeedjly with- 

• out 
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ovft crbcking ; and efie£lually fecure it from 
cracking, if it does not contain lime in lii- 
perfluous quantity : Tbey likewife give a 
texture which is the more fpongy as the 
quantity of th^ bone-afhes is greater; and 
they accelerate the induration of it through 
the whole mafst 

■* 
Th£ forted bone-afhes encreafe the plafti- 
city of freffi mort»r which is nxade with the 
fmaller quantities of lime in order to fecure 
the work from fiflures ; and thus they are 
ufeful in a triple view> in external inCruftati- 
ons ; by facilitating the operation of plaif- 
tering, by preventing cracks, and by bring- 
ing the incruftation quickly to a ftate in 
which it is not eafily injured by unexpe£ted. 
rain. 

When the forted bone-aflies exceed the 
lime in quantity, they fenfibly injure the ce- . 
ment, by rendering it weaker. How thefe 
a(h^, which are not equivalent to fand in * 
the hardnefs of their grains, nor to lime in 
their cementing powers, operate to weaken 
the. cement, may eafily be conceived, in con- . 

N fequence: 
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fequencfc of th6 bbfervation^ made in the 
ninth, twelfth ind thirt^nth fe£lioiis. 

Wmeh the forted'bone-afhes are mixed in 
mortar in the quantity of one-fourth of the 
lime, they improve th^ phfticity, if the 
mortar be fhort^ and they produce the defire- 
able efFe£ls above mentioned in a fenfible de- 
gree, without weakening the cement in the 
fame proportion. As a fmallet quantity of 
them fecms to be ufelefs, and a grearer 
quantity than that of the lime injurious, the 
following rules are to be obferved. 

When the artift is more folicitous to fe- 
cure an incruftation ftom the efFefls of hot 
weather, to finifh it quickly, to hide the traces 
of brick-work which are apt to appear thro* 
it, and to guard it againil rain, than to make 
it hard and durable in the higheft d^ree ; 
he is to ufe as much of fbrted bone-ajQhes as 
of lime : When the fealbn, expofure, and 
other circumftances permit him to attend 
folely to the true excellence and duration of 
his work, he is to ufe, in our belt calcareous 
cement, only one part of the fbrted bone- 
aflies for every four parts of lime. By thefe 

rules 
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rules he may chyfe infqrmediate quantities 
i^dapted to bis purpofes* 

Thb coarfer bone-alhes ufed in making 
cupels and,teftsi, da not go fo far, fo the 
workmen exptefs themfelves, or do not ope- 
):ate fo efFedttaHy,. ^s the forfed a:fhe3, in 
equal quantities of them by weight; and 
fintfr or levigated bone-afhes are rather inju- 
jrious than lifefut in the coarfer ceitientf. 

The black powder of charred bonea, : 9nd 
grey bone-a(hes have nearly the fame effe<3:s 

^s forted bone-aihes have, when the powder 
of them is forted in the fame manner ; .ex- 
cepting what relates to colour. 

These obfervations on bone-aflies were 
made before the expiration of 1777, on 
fpeciflaelas of mortar laid on tiles, and fmall 
pieces of incruftation made on the walls of 
my houfe and on the fence- walls* behind it : 
JBut they were npt thoroughly confirmed un- 
til a comparifon was made between large in- 
cf uftations laid in * trying afpe£ts and con- 
taining bone-afhes, with thofe madie c.lpfe by 
them .of my 4)eft mortar, in the year 1778 ; 
N 2 when 
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when I difcovercd the difficulty expreffed 
in the fourtefenth feftiori, of making exten- 
live incruftations, in certain circumftances, 
fo free from defers, as the fmaller ones 
Were which I had made at home. 

In this laft mentioned year I was favoured 
by Mr. James Wyatt of Queen- Ann-ftreet 
Cavendife-fquare, the celebrated architeft of 
the Pantheon, and by his brother Samuel 
Wyatt of Berwick-ftreet, who is a very emi- 
nent builder, with the faeft opportunities of 
making thefe comparifons : for they ordered 
the plaifterers employed under them to ap- 
ply my compofitions in a workman-like man- 
ner, in different afpefts and in large quantity, 
and thus enabled me to judge truly of the 
merits of them. 

By the analogy of bone-alhes to cinders 
or afhes of other bodies, by the efFefts of 
them m my experiments, and by the obfer- 
vatidns which I have made on capital houfes 
and garden walls which have been fronted 
or entirely ftuccoed with my cement, (bme in 
the months pf Odober November and De- 
€jrmber in th^ year 1778, others in the 

Spring, 
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Spring, the hotteft weather, and the Au- 
tumn of 1779; I have been led into the* 
following opinions concerning the agency of 
bpne-afties in calcareous cei»?nts. 

The mortar which contains bone-afhes, 
partakes in fome degree of the compreffibi- 
lity and fponginef? of their grains, and is 
. the; lefs liable to crack in fetting, for the fame 
reafon that fponginefs is, in any other body, 
.an efFedual preventative of fiffures in drying ; 
or becaufe, ^ny contraftion of the lime pafte, 
in confequence of the exhalation of its wa- 
ter, is confined to the circuit of the fpongy 
grains comprefled in beating trowelling and 
I floating the cement, and is thereby prevent- 
ed from running longitudinally to form fif- 
fures. The fame texture of bone-afhes con- 
tributes to this effeiSl, or caufes it, upon other 
principles whjch are lefs exceptionable. 
There is no reaibn to doubt that bone-afhea, 
whofe grains are tubulated in all poffible di- 
|-e<5lions, whigh greedily imbibe water and 
emit air, and which render the mortjir in 
which they are mixed manifeftly bibulous, 
facilitate the entry of acidulous gas into the 
icement ; and th^t this matter entering as faft 
N 3 as 
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as the water exhales, occupies the place of 
the water in the cement, and by preventing 
the contra£lion of it, prevents fifliires. The 
fpeedy induration of the cenient, which ini- 
plies a quick or copious acceflion of acidu-; 
lous gas, according to our experience, is a 
proof of this agency of bone-afhes, as well 
as an efFeft deduciblc from their texture ; 
and from thefe premifes we may eafily con- 
ceive h6\v they accelerate the fctting of cal- 
careous incruftations, and tend to fecure them 
from the injuries of variable weather. 

These properties of bonc-affies render 
them peculiarly ufeful in incruftations made 
within doors ott principal walls ; and the ad- 
mixture of them in half the quantity of thfe 
lime, or in a greater quantity, is theimprove- 
ment which I pointed out in' the twentieth 
feftion, whereby the damp, which disfigures 
the common hicrultation's made in the cir- 
cumftances there defcribed, may be obviated, 
without our incurring the expence of lath- 
work. 

Those who know that one-fixth part of 
charred bones, or about one-tenth' part of 

well 
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well burned boues, is phofphoric acid, may 
have fome doubt concerning the duration of 
a cement in which they are mixad in large 
quantity, utilefs they cohfider that the 
ftrength of the cement does not depend on 
them/ and that it is impoffible for the phof- 
phoric acid to quit the lime of bonC'-afhes, in 
order to diflblve the fatu rated lime of the 
cenj^nt. Tbo* the bone^^lhes ftiould perifh ia 
a century, whioh is not probable, the cer 
ment is not likely to fail on this account, 
provided the qyantity of them is not e}(.cef- 
fiye, . 

Thvs I furpaountcd the difficulties ipeuti- 
oned in the fourteenth fcftton, and made ipy 
beA calcareous cement applicable in all ce* 
ipentitioys and cruftaceous works external or 
internal, without inducing in it any difagree* 
^Ule ^oloyr or pther imperfe(ftion. 



N 4 SECTION 

Digitized by vJOOQ IC 



[ i84 ] 



SECTION XXIII, 

7'he Specification made in Confequence 'of l^etters 
I Patent^ illujirated with Noieis, . 

IN order to guard againft abufes, and to 
make fome compenfation for the expences 

and rifques pf ' the artifts who publicly an4 
boldly executed, on the great fcale, what I 
had defigned ; I fecured ato exclufive right in 
my cementy by virtue of his majefty's let- 
ters patentjj on the eighth of January 1779 2 
I authorized Mr. James Wyatt the architeOi 
of Queen- Ann-ftreet Cavendifli- Square, to 
•qfe it in the fiilleft extent, knowing that he,' 
by his knowledge of this fubjeft ancl his 
diftinguifhed tafte in archite<fture, will unke 
in it all the advantages of duration and ele- 
gance ; I Ijkewife ejptended this right to Samuel 
Wyatt the builder in Berwick^ftreet Soho, 
who \s well inftrwfted, and pnjyided with 
the ijieans of executing any wprk with this 
cement, in the higheft perfection : And I 
intend to referve this priviledge to them, un- 

■'■• ; ■' ■■ ' Vif 
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til the public convenience requires that It 
fhould be extended to others, who ar« capa^ 
ble of making the fannie dirpoiitions for the 
benefit of their employers, and for preferving 
the reputation of my invention free from the 
tifual exaftions of monopolifts and the abufe^ 
pf linder-iobbersi 

As the Ipecificatiori of thefe letters 'pa* 
tent comprehends the moft ufeful praftical 
inftruftions deduced from the foregoing ex- 
periments and obfervations, and may ferve 
as a concife recapitulation, J iubjoin a tran(^ 
cript of it. ' ' 

S P E C I F I p A T I O N, 

To all to whom thefe prefents fhall come &c, 

** Now know ye that in compliance with 
** the faid provifoe, I the faid B, H. do here- 
*J by declare that my invention of a water 
'^ cement or ftucco, for building repairing and 
*' plaftering walls, and for other purpofes, is 
** defcribed in the manner following (that is 
** to fay) drift fand, or quarry ' fand, which 

^ This is comm6nly called plt-fand. 

, <• confifts 
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^i confifts chiefly of hard qu^rtofe fl4t faced * 
^* grains with ftarp angles; which is thq 
** freeft, or r»ay be nwft eafily freed hy 

wafliixig, from clay, falt^, and calcareous 

gypfeous or other graims lef$ hard m^ 
^^ durable than quartz; which contains tho 
*^ fmalleft quantity of pyrites or heavy rpe* 
** tallic matter infeparable ^y wafliing ; and 
^t which fufFer? the fmaUeft dimiaut^on of 
^^its bulk in waftjing in the foUowjog 
\* manner, is to be preferred before any 
** other \ And where a qoarfe and a fine. 
^^ fand of* tiris kind, and 'correfponding : iU; 
f the fize of their grains with the qoarfe>. 
*' and fine fands hereafter defcribed, cannot 
*^ be eafily proGured, let fuch fand of the 
" foregoing quality be chofen, ' as may be 

forted and cleanfed in the following 

manner. 



6( 

4( 



^^ Let -the fand be fifted in ftreaming 
'^ clear water, through, ai fieve which fliall 
** give paflage to all fuch grains as do qo^ 

^ The twclfck {t€&tm treats of this* 

3 The reafons of this preference are given in the fifteenth, 
fixteentb^ nineteenth, and twentieth felons 

^ ** exceed 
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ff exceed one fifteenth of an inch in dia? 
*^ nieter ; an<i let the ftrcairi of water and 
^* the fiftitig be regujated fothat allthe fand 
f^ which is nauch finer than the Lynn-land 
V commonly ufed in the London glafs-houfes, 
*' together with clay and every other matter 
?* fpecxfically lighter than fand,nfiay bewaifhed* 
away with the ftream,whi1fl' the purer aiid 
coarfer fand, which paffes thro* the fieve, 
f * fubfide3 in a convenient receptacle^ and 
f whilft the coarfe rubbiih and (hkigk'* re^ 
** 'main on the fieye, tq be rejefted, 

f^ Let the fand which thus fubfides iri 
?* the receptacle, be waflied in cjean ftream-^ 
^^ ing water, through a finer fieve, fo as to 
^' be further cleanfed and forted into two 
** parcels ; a coarfer, which will remain in 
^^ the fieve which is to give paffage to fuch 
^^ grains of fand only as are lefs than one 
5' thirtieth of an inch in diameter, and 
^> which is to be -faved apart under the nanio 

• ^ The grounds of ihls tnpatineni: aj>pear xu the twelfth an j 
thirteenth fe^lon« 

* I find that I have ufed this word impropcily, on bad ^iitho- 
thority . The reader Is requefted to read rubble ip|tead of fliin^gic 
throughout this ipecification* 

« of 
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" of COjarfe faad ; and a finer, which will 

** pafs through the fieve ai\d fubfide in the 

** water, and which is to be faved apart 

** under the name of fine fand. — Let the 

" coarfe and the fine fand be dried fepa- 

^^ rately, either in t;he fun, or on a clean iron 

•^ pl^te fpt on a convenient furnacd, in the 

«V manner pf ^ land hcat% 

. f * JLet lime be ichofen'' which is ftone lime, 
^f which Ijeafs fhe rjipft ip fl^kip^, and flakes 

"the 

^ The fand ought to be ftirred up continually until it is dried, 
^nd is th,en to be taken dF; for othcrwifc the evaporation will 
be very flow, and the fand which lies n^t the iron plate, by 
being overheated| will be di&oloured* 

7 The grounds of the inftruftions comprized in this para- 
graph, appear in the fecond, fourth, fifth and eleventh 
fcflions. The preference given to ftopc lime is founded on the 
prefent practice in the burning of lime, and on the clpfe^ (tr^ture 
of it, which prevents it from being fo foon injured by expoforp 
to the air, as the more fpongy chalk lime is ; not on ^he po- 
pular notion that fton^ lime has fomething in it whereby it ex- 
cels the beft chalk in the cementing properties. The regl dif- 
ference between thefc. will be fljewen in the next fefiion. 

The 'gypfum contained in lime ftone remains unaltered or very 
little altered in the lime, after the burning ; but it is not to be 
expcL'lcd that clay or martial matter fhpuld be found in their 
native flate, in well burned lime ; for tjiey concrete or vitrific 
with a part of the calcareous earth, an4 conftitute the hard 

. ' ' graini 
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*• the quickeft when duly watered ; which 
** is the frefheft made and clofeft kept ; 
" which diflblves in diftilled vinegar with 
" the leafl: effervefcence, and leaves the 
" fmalleft refidue infoluble, and in this re- 
" fidue the fmalleft quantity of clay gypfum 
** or martial matter, 

** Let the lime chpfen according to thefe 
" important rules, be put in a brafs- wired 
** fieve to the quantity of fourteen poui^ds^ 
" Let the fieve be finer than either of the 
^* foregoing ; the finer, the better it will be : 
^* Let the lime be flaked* by plunging it iu 

^* a butt 

grains or lumps, which remain undiiTolved in weak acidst or 
are feperable from the flaked lime by fifcing it immediately 
through a fieve* 

'This method of impregnating the water with lime is nof 
the only one which may be adopted. It is however preferred 
before others, becaute the water clears the fooner in con- 
fequence of its being warmed by the flaking lime, and the 
gypfcous part of the lime does not diffufe itfelf in th( water fo 
freely in this way, as it does when the lime is flaked to fine 
powder in the common method and is then blended with the 
water ; for the gypfeous part of the lime flakes, at firft. int6 
grains, rather than into fine powder, and will remain on th6 
(itrtj after the pure lime has pafled through, longenough to admit 
of the intended reparation ; but when the lime is otherwife flaked 
the gypfcous grains have time tp flake to a finer powder, and 

' paffing 
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^^ a butt'fine4 with foft water, an^ failing it 
<^ out quickly and fuiierxng it to heat and 
^* fume, and by repeating this plunging and 
^' raifing alfernately and agitating the lime^ 
f ^ until it be made to pafs through the fieve 
^' into the water ; and fet the part of the 
^* lime which does not cafily pafs through the 
** fieve be rejected : and let frefh portions of 
** the lime be thus ufed, until as many'' 
** ounces of llhie have paflfed through the 
^' fieve, as there are quarts of water in the butt* 
*^ Let the water thus impregnated ftand in the 
*' butt clofely covered '^ until it becomes clear; 
** and through wooden" cocks placed at dif^ 
** ferent heights in the butt, let the clear liquor 

paifing through the (iere> diilblTe in the water along -with the 
lime. I have imagined that other advantages attended this 
method of preparing the lime water, but I cannot yet fpeak of 
thcrti with predfion. 

* If the water contains no more acidulous gas than is ufually 
found in riret or rain water, a fourth part of this <^ua^tity of 
Iknei or leis, will be fufficsent. 

'^ The calcareous cruft which forms on the furface of the 
water ought uot to be ^roke, for it affiils in excluding the air 
and preyenting the abforpuon of acidulous gas whereby the lime 
water is ipoiled. 

*' Brafs cocks are apt to colour a part of the liquor, 

''ha 
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•^ be drawn ofF as faft'* and as low as the^ 

^ lime fubfides, for life/ This clear liquor h 

" call the cementing liquor 'K The freer the- 

*^ water is from laline matter,. the better wiH- 

" be the cementing KqUor made with it» • 



ti 



*^ Let fifty-fik pound$ of the aforefaii 
chofen lime be flaked, by gradually iprinki*' 
" ing on it, and efpecially on the unflaked 
** pieces, the cementing liqtior, ift Aclofe'* 
" clean place. Let the flaked part be ito-' 

** mediately^ 

** Lime water cannot be kept many days uoimpairodi in 

any vellels that are not perfectly air-light. If the liquor b% 
drawn vfT before it cleats, it will contain whitings which is )»• 
j uncus ; and if it be n<yt indantly vtfedi after it t» drawn limpii 
from the butt into open vefTeh, it ^vill grow turbid agftin, and 
d^fite the lime changed to whiting by the gas abforbed from 
the air; The calcareous matter which fubfides in the butt, 
refembles whiting the more nearly, as the lime Kas b^en mot« 
fparingly employed ; in the contrary circumClanoes^ it approachea 
to the nature of lime ; and in the interm^diMe fkMC^ it is fic 
for the common compoiition of the plaiilerers for infide ilucco. 

'^ At the time of writing this fpeclfication 1 pref^ftrred 
this term before that of time -water, on grcutrds which I had 
not fufficietitly examined, 

*♦ The vapour which arifes in the flaking of the Hmc con- 
tributes greatly to the flaking of thefe pieces which lie in its 
way ; and an unneceflliry vVsfffe of tfie liqubt is- prevented, Vy 
applybg it to the lime heaped in a pit or in a vcfTel which may 

^cflrain 
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" mediately "* fitted through the laft men- 
^< tioned fine brafs-wired fieve : Let the lime 
" which paffes be ufed inftantly or kept in 
*^ air-tight veffels, and let the part of the lime 
•* which does not pals through the fieve, be 
*• reje£led'\ — ^This finer richer part of the 
** lime which paffes through the fieve, I call 
•• purified lime. 

** Let bone«a(b be prepared *^ in the ufual 
^^ manner by grinding the whiteft burnt 
** bones, but let it be fifted to be much finer 

rellrain the ifliie of the Tapour, and direct it through the mafs. 
If more of the liquor be ufed than i* neceilarj to flake the 
lime, it will create error in weighing the flaked powder, and 
will prevent a part of it from palling freely thi-ough the fieve. 
The liquid is therefore to be ufed fparingly, and the lime which 
ha3 efcaped its a£Hon is to be fprinkled apart with frefli liquo^ 

•'s KThen the aggregation of the lumps of lime is thu& 
broken, it is impared much fooner than it is in the former flate, 
becaiife the air more freely pervades it. This is ihewn iu the 
fifth fedion. , 

'^ Because it confifts of heterogeneous matter, or of ill 
burnt lime ; which laft will flake and pafi through the fieve, . 
if the lime be not imro,ediately fifted after the flaking, agreea- 
ble to the text. The reafon of this may be drawn from the 
fourth fe£tion« 

^' This art is taugh^n the twenty 'fccgndfc^tton. 

" than 
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<f than jthe bftrierafti CQjntttonly ibl4 (&t 
•f making cupels^ 

• ' ' - • ' 

^^ Tafir moft eligible n4xit;ei'ials for making 
'*. my. cement being thus prepared ; Take 
**. fifty-fix pounds of the coarfe fand and 
•' forty-two pounds- of the fine, fand; mix 
If them oil a large plank of hard wood 
^* placed Jiofizoiltally ;^then Iprcjid tloe fand 
*• fo that it may ftand to the height of fix 
** inches with a flat furftqe on the plank ; 
*' w^t it Ivith the cementing liquqr; and let 
** dny fuperfluous'* quantity of the liquor^ 
•* which the fand in the condition defcribed 
** cannot retain, flow a\yay off the plank» 
" To the wetted fand add fourteen pounds 
^' of the purified lime in fevetal fuccefllve 
** portions, mixing and beating them up toge- 
** ther in the mean time with the inftruments 
** generally ufed in making fine mortar :. 
^* th^n ddd fourteen pounds of the bone-afh 
" in fuccefllve portions, mixing and beating 
all together- The quicker arid the more 
perfedlly thefe materials are mixed atiA 
beaten together, and the (boner the ce- 



4( 



'^ The grounds of this pra^ice are {hewn in the twelfth fec^ 
lion* 

. . ^^ .O • - ** menj 
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** nient thus fomied is ufed^ the belter ^^ It 
*V will be. This I call the wat^f cemeitt 
" coarfe grained, which is to be applied in 
M building, pointing, plaiftering, ftuccoing, 
*^ or other work, as niortar and ftuccd nb^ 
** are } with this difference chiefly, that as 
*' this cement is fhorter than mortar or com- 
*^ mon ftucco and dries fooner, it ought te 
be worked expeditioufly in all cafes, and 
in ftuccoing it ou^ht to he laid on by flid- 
^^ ing the trowel upwards on h; thar the 
** mat^riak tifed alongv with this cement 
^* in building, or the ground on which k is 
^^ to be kid in ftuccoing, ought to be well 
*' wetted ^° with the cementing liquor, ill 

. '• TasaE pr<np(;jTt^oi}8 sp:c intended for a cement mad* with- 
Iharp fand, for incrulladon in. exj>ofed fituations, where it is 
neceflar y to guard againft the eftedts. of hot weather and yain, 
Ii^ genecoi half thi& qiiiimity of boDo-aihes will be fguni Tuf- 
^ci^iu J and aJtho.th^ iiicruflatioiv in this, latter- cafe will n^l 
harden deeply Ijo foon, it will be ultimately flron^er provided 
the weather be favQurablc. ... 

' Thet iujurieSrwhicl^. H>nc and mortar fufi^in, by C3r{^Qfuo»^ 
tjo the air, before the cement is finally placed in a quiefcei^ 
ftwtc, appear in many parts of the foregoing page* ; and there- 
fbre onr cement- i» the worfe for being long-b^at€a, biittbe^bet* 
ter as it is quickly beaten untillthe mixture is efiedted, and no 
Itmgcr, 



; ^ &££ kS&on \iu and pagqr j£. 
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•* the Inilant of laying on the cemtftt J dtid 
«* that the cementing liquor is to be ufed when 
•* it is neceflarjr to moiften the cement^ of 
^^ when a liquid is required to facilitate the 
^^ floating of the cement. 

. » 
" When fuch cement is required to b? 
^^ of a £ner texture ; take ninety-eight pounds 
;*• of the fine fand, wet it with the cementing 
*• liquor and mix it with the purified limcj 
^* and the bone-afh in the quantities and in 
*' the manner above defcribed^ with thl? 
,^ difference only, that fifteen pounds of 
^* lime^or^'' thereabouts^ are to be ufed infiead 
*' of fourteen pounds^ if the greater part of 
^^^ the fand be as fine as Lynn fand* This J 
** call water cement fine grained. It is t^ 
be ufed in giving the laft coating or the fi,* 
nifh to any work intended to imitate the 
|in^r grained ftones or fiucco. But it may 
" be applied to all the ufes of the water ce- 
^^ n^at coarie grained^ and in the fame 
•' manner* 

. ."See iediionxiiL The quantity o£ bone-a(hcs is not t» 
be mcreafed with that of the lime, for th^rcafon given io page 
176 ; but it is to be leilened as the expoTure and purpofei 6f 
the woxk will admiu See te&ion xxU* 
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*• WHEN for any of the foregoing pur- 

'* pofes of pointing, building, &c. fuch 4 

*V cement is required hiuch cheaper iand 

** ebarfer grained, then, much coarfer clean 

" fand than the foregoing Coarfefand, or well 

** waflied fine " ftiingle is to be provided* 

'*.'' Of this ccarfeft fand or fhingle " take 'fif- 

**• ty-l5x pouiids, of the foregoing coarfe^fand 

•** twenty-eight pounds and of the fine fand 

*\ fourteen pounds ; and after mixing thele 

'*• ^nd Wetting them with the cementing li- 

'" qiior in' the foregoing manner, add 14 

*^ pounds, or fomewhat lefs, of the^'pur?- 

;** fied lime, arid then fourteen pounds or 

'*^ fomewhat lefs of the bane-afh, mixing 

'*' them together in the manner already de- 

^•* fcribed; When my cement is required 

*** to be' white, white fand, white lime, and 

'*^ the whiteft bone-a(h are to be chofen. 

^^ Grey fiind and grey bbrie-afh formed of 

*♦* half buritt bones, are' to be chofen to make 

the ^cement grey; and any other ** colour 



*€« 



»* Rubble. 



^^ Because, lefs lime is necelTary as the fand is ooarfer* 
1 SedVion xii. ihd ^lu. 

*+ XuE qutlinta of tlicfe arts arc given m feftion xsr. ' 
^' ' ' . ' >c of 
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/' .of the cement is obtained, eitlier }j>y* chu(^ 
ing coloured fand, or by .the admixture of 
the neceflary quantity of coloured talc ju 
powder, or of coloured vitreous or metal- 
lic powders, or other durable ** colouring 
ingredients commonly ufed in paint* 



c< 



i^€ 



r 



" To the end that fuch a water cement 
*• as I have defcribed may be made as ufe- 
.** M as is poffible in all circumftances ;,^nd 
" that no perfon may imagine that niy 
^' claim and right under thefe Letters Pa- 
i* tent may be eluded by divers variations 

which may be made in the foregoing pro»- 
*' cefs without producing any notable de- 
♦' fed in the cement ; and to the end that 
'*' the principles of this art as well as the art 
" itfelf of making my cement, may be ga- 
*' thered from. this fpecification and perpe- 
" tuated to the public, I (hall add the fol- 
^\ lowing obfervations, 
* ' 

** THg kiKWirn chemical properties of the fcveral finer in- 
^ftdieots ufed.in paiat or watej* colouring, and the experienced 
^edbof^he fnateriats montioned in the fifteenth, fixteenth, 
ievt^iteenthf eight^nth» nineteenth and twentieth fe6bionsy 
iiure fuffident to direA the artift in the choice of thofe things 
:whiGb fri\\ iqduce colour, with the fmallefl injury to the 
^roflftipp* 
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*• This my water cement, whether the 
" coarfe or fine grained, is applicable in 
*• forming artificial ftone, by making alter- 
" nate layers of the cement and of flint, hard 
** ftone, or brick, in moulds of the figure 
** of the intended ftone, and by expofing the 
*^ maffes fb formed, to the open** air to 
*• harden, 

** When fuch cement is required for 
** water*'' fences, two thirds of the prefcribe4 

*• BtJT they muft nat be eicpofU to the rdn, until they 
«PQ almoft as ftrpfiig as fr?fti Pordand f oi^e ; and ^veo thoQ 
they opght to be fh^tejced frono it^ as /nuch as th& circim^^ 
flancea will a^mit. §ee pages 68, 69, 1144 Thefe fiones 
may be made very hard and beautiful, with a fmall eacpepce 
of bQne-a(h» by fbaking tb^m^ ^f^r t)iey b^ve dried tlM>rQugb« 
1^ and hardi^edy in the Ui^c-liauox, ;ind i:9pe9ting this pjt^ 
cefs twice or thrice^ at diilaat intervals of time. The like 
clFe^t was experienced in inciuflattons, and h inentioned Tx^ 
page 114. ^ ' 

*' To what I have faid on this M>]'e& in pa^ 124, Finiift 
add that, in my experiments^ mortar made with~ terras powder^, 
in the ufual method, does not appear to fbrm h ftfong ace* 
ment for water fences, as that made according to the Qk|* 
cification, with coarfe fand ; and t fee no nrpre Teafita^ fer 
avoiding the ufe of fand in terras mortar, Chan thefe we^be 
for rcje£ting^ ftone from the embankment. Thi bo|i«-afiiM 
meant in this place are the dark gfey or black Ibrt. I am not 
yet fully fetisfitd about the operation of them - In this* m* 
^uice. ' .^ ' 

" quantity 
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>* quantity of boiie aihes are to be omitted 4 
^^ and in the place thereof an equal ipeaflire 
" of powdered terras is to be ufed ; and i£ 
** the fand employed be not of the coarfefi: 
" fort, more terras muft be added, fo ^hat 
" the terras fliall be by weight one fixth part 
•* of the weight of the fand* 



«4 



•^ When fadi a cement is required of the 
fiileft grain ^^ or in a finid fbrm, ib thit 
it may be applied with a bnsfli^ fihit pow*^ 
** der, or the powder of any quaitoie err hard 
^* earthy fubftance may be lifod in the plud? 
f^ of fandy bu^ in a quantity fmaller as thi^ 
<* flint or other powder is finer j fo that tht? 



. •**f Th B qualities tai ullh of fiwA fine ea^csCreous cement ttt fct 
forth 10 the thirteenth and twentieth fe£tions. They are recondi 
mended chiefly for the purpofe of fmoothing and tinifhing |he 
flronger crudaccous works, or for waihiog walls to a lively 
and uniform colour. For this laiE intention, tlie miarture muft 
be aa thin as new cmm» n&d laid 6n htikly wnh t ht\jl&ii in 
Ar^weath^ri aB<|a* ihick sUid duAiU^ <^oat>tabe.made by- 
repeat^ waihing^ .tnit is not to be attempted by u2ing a thicker 
liquor; for the coat made with this laft is apt to fcale, whilft 
theibramr endures the weatiiev mu^ fes^ than any ptimr 
tWi^ cakf^reoos covering thsic has bten applied. in this «ay« 
J^ioe yellow ochre is the cheapeft colouring ii^;^ent fot fu€h 
a wafii, when it is required to imitate Bath ikoDt^ or the warm- 

;- ' ' - • ■ • O4 • • ^ flixit 
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•*** flint powder or other fuch powder {hall not 
•* be -more than fix tipnies the-, weight of the 
^^ limei nor lefs than four times its weight, 
^* The greater the quantity of lame within 
^ thefe limits, the more wil! the dement be 
'^ liable to crack by quick drying, and vice 
** verfa, •' * • - T; 

: ^* Whetrx filth fand as I'prisfer cannot be 
*^ conveniently -procured, or where fand can^ 
♦* not.be joonveiiiently !wa(hed and forted, 
f* that fand whichmoft-refembles the mix- 
♦• ture of coarfe and fine land above pre- 
^^ fcribed, ciay be ufed as I hav? direfted, 
V provided due attention is paid to the quan- 
^* tity of the lime, which is to be the 
*.* greater *?.a5 the faud is th^ finer and vice 
** verfa. 



(4 

I 

if 



" Where fand cannot be eafily pro- 
cured, ^jiy durable, ftoqey body, or baked 
earth grqlfy powdered ^° and forted nearly 



* •• FuiRTHBii inftmffions may be gathered from the thW 
tecnth fc(ftion, If.fct fand be well walhed io ffcih water^ it- w 
as good as any oiiier retfftJ fahd, - 

^^ The cement made with thefc and the proper quamui<l. 
afpurifief^ lime an^ lime-water, ;»re inferior to the beft, at 

* ' ' " th? 

Digitized by LjOOQIC 



t '^Ol ] 

'«> to the fizes above prefcribed forTand,'majr 

** be ufed in the place of fand, meafure for 

** meafure, but, not weight for weight, un- 

>' lefs fuch grofs powder be. as heavy fpc- 

^' cifically as fand. • * 



♦* Sand may be cleanfed from every Ibfter 
^* lighter and lefs durable matter and from 
** that part of the fand which 13 too fine, by 
/^'various methods preferable'* in ccrtaia 
^* circumftances, to that which I have d^^ 
.*♦ fcribed, 

► ** Water may be found naturally free from 
^^ fixable gas felenite or clay : fuch water may, 
^' without any notable inconvenience, be ufed 
^^ in the place of the cementing liquor; and 
^* water approaching' this flate will not re- 
f*' quire fo much lim.e a? I have ordered, to 

tb^ gndi^ of thefe powder^'are more perifli^bte and brittle tbim 
thofc of fand. They will not therefore be employed, nnleft 
for the fake of evafion, or for want of fand ; in thi3 latter cafii 
the finer powder ought to be waflied away* 

X ^* This and the tieatt paragraph is inferted with a view to 
evafions, as well as to fuggeft the ea^er aqd <:heaper methods 
which may be adopted in certain circumftances, by artifts who 
vndcrftand t{^e principle i which I have endeavoured to teach* 

♦♦ make 

Digitized by L3OOQ1C 



[ 20Z J 

^* make the cementing fiquor ; and a demcntv 
^* ing liquor fufficiei>riy ufcful may be made 
^* by varions m^hods of mixing lime and 
*^ .water in. the defcribed proportioiis, or 
♦* nearly fo. 

** When ftone lime cannot be prdcvnfed, 
•• chalk lime or ihell lime which beft re^ 
*^ iembles ftone lime, in the characters above 
** written of lime, may be ufed in themamier 
^^ defcribed, except that'* fourteen pounds 
** and a half of chalk lime will be fequired itt 
** the place of fourteen pounds of ftone Kme, 
^* The proportion of lime which I hcttre pre- 
" fcribed above may be encreafed witbotrt 
** bcouvenience, when the cement or floccd 
** is to be applied where it is not Hable to 
**• dry quickly; andki the csontrvy ctrcum* 
^^ {tsifice thid proportion^ may bedimisoilhed i 
«* and the defe£t of lime in quantity or 
'^^ quality may be very adVantageotffty fupk 

3* This relates to chalk Kmr bwnned wklv^ldiScijpat qiKHw 
tity of fuel in kilns of the common conftruftion. Chalk lime^ 
pe^ecf ta 1 ffeilT ftew in the nett ftatdu, wiH jp a^. &« as 

Hpnc Rmc, if ncft ftrihcr* 

*« plied 
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^^ plied ", by caufing a coniiderable quantity 
** of the cementing liquor to Ibak into the 
" work, in fucceflive portions and at diftant 
*• intervals of time, fo that the calcareous 
matter of the cementing liquor, and the 
matter attraded from the open air, may 
fill and ftrengthcn the worlu 



Si 



** The powder of almoft every weB 
" dried or burat animal fubftance may be 
** u£ed inftead of bone-»a(h j and feveral 
*• earthy powders, efpecially the micaceous 
♦* and the metallic ; and the elixated aflieij 
*• of divers vegetables whofe earth witt hot 
*^ burn to lime j and the afhes of mineral 
i* fuel, which are of the calcareous kind, but 
^* win not burn to lime ; will anfwer the endJs 
^^ of bone-aih in 6>me degree^^* 



". T^s praAice 19 noticed, as the remedy which may be 
uied (or the detefts aiiJing fVom eraflTe meafiirei , and as the 
^neclMMl ^ ffA^g ^P^Vf inciMiAfUDA^ coniannig booe-alhes^ 

'^ The ufefat fubftitutes for bone-afiies, hare been treated 
^inib^tmgtimg^tmit rfie aicftalft «ii0Bas«aaaiid.earth)r 
yydtr»yil»nySf ff cp w u p and ^d ii^thi^lMtf butonly enum*- 
^^itfi for ta^om which infttienc^ the flyle of this fpecificatioq, 
and which law^trs wtD perceive. 

4* The 
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.^ •** -THErquaiitity of bone-aih defc ribedmsiy 
^^ho leffehed without injuring the cement, ia 
." thofe circutnftances efpecially which. ad- 
" mit the quantity of lime to be leflened, and 
>* in thofe wherein t^e cemenf is not liable 
.** to dry quickly. And the art. of remedying 
** the defe£ls of lime may be advantageoufly 
♦^ pra£lifed to fupply the deficiency of bone- 
^ aih,. efpecially in building and iu ipaking 
}^l artificial ilone with this ijcrnent, 

*^ N. B.. For -infide work, the admixture 
^* of hair with this pement is ufeful. 
. ♦• J^ witnef^ whereof I the faid B,:H. 5?c/' 
^ . 'J . . , .' .- 

. The* excellence, of my cement depend? 
firft, o^ the figure fize aiid purity, qf the 
fand; fecondly on the purity of thelime^ 
pbtained in the choice of limp-ftone, and ii\ 
the perfeft burning, and fecured in the pre- 
fervation of it from air, in my methqd of 
.flaking, and in. the feparation of hett;rogeDeou« 
parts ; thirdly on the ufe of ftiten^and pur^ 
rlime w^ter ; in the plage of comii^onwa^^r; 
fourthly on the proportion.iaf .^ikJs^ Uflae w«t?^r 
and lime ; fifthly, ' 6n' the"W|att!i«f-Tof mixing 
them ; fifthly, * on the knowledge djf ihgi*<^- 
• /r 'i dients 
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dients and circumftances which are injurious 
or ufeful ; feventhly, on the ufe of bone- 
afties of dcWrminate fj^e f dghthiy, >on the 
art of fuiting fome of thefe to the feveral pur- 
pofes ; and fiiM^Uy op fo many other particor 
Jars, as render it, very difficult to give a mbre 
candid fpecificatjon, in the ufual comp^fs, 
thxin this wljich I have enrolled^, or to guard 
ptherwife againft cvafions^ than by anticipat- 
ing them* 

I DO not think .it neceffary to infift more 
minutely on .the mechanical arts of applying 
the coarfer or finer calcareous cement, to pro- 
duce the moft agreeable efFed:s, becaufe they 
are known to fo. many workmen employed 
under Meff. Wyatt, and are fo nearly related 
to thofe already , known to the plaifterers, 
that they are not likely to be miffed or loft. 



SECTION 
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SECTION XXIV. 

lExperimentat Compart foni of Chalk-Lime mth 
^tone^Lime. Advices to the; Manufa^urtn of 

': Chalk-Lime^ concerning the Art of rendering 
it equals if not fuperior^ to Stone-Lime^ for the 
Purpofes of Builders Sodp-Boikr^ and Sugars 
Bakers. 

ALL t!ie authors whom 1 have con- 
. fulted, who have treated of cementi- 
tious bilildiDgs and of lime, from the time 
p'f Vitruvius, who wrote on thefe fubjedts hi 
the reign of the Roman Emperor Titus or 
before it, down to the prefent hour ; and aft 
the artifts with whom I have converfed, 
agree in the opinion that fixne prepared froni 
the clofeft lime-ftone makes a ftronger cement 
than that which is made of fpongy lime- 
ftone, and that the lime of chalk particularly, 
is incapable of acting as efFe£tually as the beft 
ftone lime, in cementitious works or incru- 
ftations which are expofed to the weather. 

' Tms 
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T^H's univer^ and iinquefHohed noticm 
had gfeac infttrence with me ia the courfe of 
tny expenme^tsv luitil I had difcovered not 
oniy the fallacy of it^ isiut tihie grdimds which 
gare rife to it : both which I (hall now ex* 
pofe, in the pleafing hope of rendering) gteat 
fervices to many of my friends^ and all 
who are proprietors of chalk-pits, or are obli- 
ged td ufe chalk-lime in their buildings. 

Tif^ experiments already mentioned af* 
forded me a great many oppoctuhitiesof omxh 
paring cements made with lime and' £md^ or 
with thefe stud other ingredients^ in Tarwm 
proportions, and diHering only in the. kind 
of lime. In thefe comparifinis I could not 
perceive that chalk lime, judicioufly pre- 
pared and V'ifed, was in any refpedi: inferior to 
the beOl Aone lime : but I did not content 
myfelf with thefe. X naade a; great number 
of cements, with the fole view of collating 
the refpedivo merits of thefe kitids of Ume, 
in fmall and great incrufbtion&y in malies 
made to refemble cut f^one, in all expofures 
and feafons of the year ; and after the jftri^l*' 
eft comparifbns of thofe which contained 
Sme in equal q^ntities and were treated 

alike 
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alike in* aH refpeds; I was thoroughly. cdil- 
vinced tha^ my chalk lime wds as goad for 
any purpofe of .this Ikind^. as ithe heft ftone 
lime in this, kingdom ySot I ufed: the weJl-r 
burned lime of Plymouth ftooe, which . I 
reckon aniong ' the ; moft excellent of. our 
lime ftones;- .j v.: : : . : 

PLYMOiitttilime-ftone .lafes. {qv^xx fix? 
tecnths of its weight, in the converlion to 
Hme^ and becomes as white as chalk. Chiik 
looles' a little more in the perfect burning* 
Plymouth Hme leaves a fmall gypfeous reli- 
due in the iblution prefcribed in the tenth 
J>age, . which is preferable, td that direded iu 
the i|>ecification. : chalk-lime? leaves none* 
Therefore the chalk-lime.cheniieally or tech-^ 
ntcally tried, appears to be eqlial, if not fu- 
perior toftonfe linie, in it^ cementing povters, 
when it is properly ufecj. 

, The prejudices entertained ag^inft chalk- 
liiiie may be traced to* three lources* The 
firi} is that which is mentioned in the fourth 
fciilion. The vulgar criterion of the due pre- 
|)aration of . lime.-confifts in the flaking : and 
as chalk,^ which has undergpne a flight.calcir. 
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tia^icfti a|i4>thei-eby. Ipft only a part of its ztU 
dulc^u^ g3$, is capable of flaj^ing^ by reafptt 
qf itaipongiiiefe J the manufaaqreirs of ch^lk . 
lia^e^ qontent themfelves with the degfee oi^ 
o^hias^tiQii which renders it tradable ot yen- . 
4ibje^ pii4 tjius bring it into difrepute* 

THE.fecond'. fource is mentioned in the' 
fifth, feftiop* Chalk lime imbibes acidulous' 
gas, during its expofure to the air^ much 
fafter than ftone lime^ and is confe-* 
quently inore impaired or worfe, at the time* 
of ufing it in mortar^ than ftone lime kept ill 
the fame circumftances* As the lime may 
be gjreatly injured in this way, without flak- 
ing fenfibly ; and as there was no fufpicion' 
or meafure of fuch injury, beyond what the 
flaking afforded j the acquired imperfedlion 
of chalk lime was confidered as the very na- 
ture of it* In the thirtieth page it appears 
that a pound of chalk lime, placed in the qui- 
cfcent air of a chamber, imbibes two ounces 
and a half of acidulous gas in two days^ 
which is the fliorteft time in which lime is 
ufually expofed, if we count from the mo- 
mept of its being red hot to that of its being 
inixe4 iu mortar, during which interval it is 
ifi the fliate of abforption^ 
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The third iburce I have difcovered in' 
the ftrufture of lime kilns. The cavity 
of a lime-kiln has the figure of a truncated 
cone inverted. When the charge, con- 
lifting of lime ftone and fuel alternately 
ftratified, has burned for Ibme time, the fuel is 
cxhaufted at the lower narrow extremity of 
the cavity, the lime in this part cools, and 
ferves as a grate to the fuel and limeftone 
above it, which continue to burn brilkly, for 
eighteen hours or longer, after the lime be- 
neath begins to cool. During this time 
the laft-mentioned part of the lime is expofed 
to a ftrong. current of air ; and the whole 
charge of lime ftands in the like current of air 
until the kihi is cooled, or the lime is with- 
drawn ; which in common practice is feldom 
or never done before the fixtieth or feventieth 
hour after the combuftion of the fuel com- 
menced. 

The injury which lime ftone. luftains, in 
thefe circumftances, which I have often imi- 
tated in my elaboratory, is not great ; becaufe 
this lime is much more compact than the 
chalk lime. But when we obferve that the 
bcft pieces of chalk lime of the common kijns,! 

. ' and 
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and thofe, whichj after heating themfuf-!* 
ficiently, I had left in the fire-place, expofed 
as they are in the nfual proccfs, are always 
efFervefcent ; that good chalk lime, in a 
WMker current of air, imbibes more than three 
ounces of acidulous gas into each pound of 
it, in two days, according to the experiment 
of the thirtieth fedlion ; and that my chalk 
lime, which I remove from the fire-place 
a^ foon as it is fufficiently burned, is per- 
feftly non efFervefcent; we find that the long 
experienced imperfections of frefli chalk 
lime are owing more, to the faulty con- 
Arudlioh of the kilns, and the ignorance of 
the manufacturer, than to any incapacity 
of chalk to yield excellent lime. 

The means of jpreparing chalk lime to 
equal or exceed ftone lime, and of making the 
beft ftone lime, may be gathered from what 
I have faid, and the following intimations. 
The kilns are to be made broader and fhal'* 
lower in the cavity which receives thje eharge : 
the circular wall inclofing this cavity, is to 
be continued tapering upwards, until it ter- 
minates in a lofty flue, in order to accelerate 
the conibuftion and increafe the heat by a 

P 2 quick 
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quick cuf rent of ak to be reguiated by bpenr^ 
itig or clefing the d^oor-way, which is to ba 
feft in the cireukr ^4^aU at a convenient height 
for the-mtrddiiftion of the charge. The maf-. 
five watts ef the lower cone are to be lioedr 
with fire brick ot apyrous ftone fet in tho 
Beft <5re Ibam ; and. are to be girded with iroiu 
The fi\tL h to be fo ftrMifie<l with the lime ikono 
or chalk, and the combuftioA is to be fo con^-i 
du^ed, that every part of the cl>arge (hall' be 
fiifficiently ventilated and heated, and that, 
the loweft (hall remain red hot xmdl t^o 
Virhole Is well turned. Theq the current of 
air through the kiln is to be (lopped, by clofn 
ing the apertures at tfee bot-tom ; or tlm red. 
hot lime is to he renioved out ot it^ to coot 
in quiefcent air, until it is fit to be inclofed in 
air-tight v^flfek. A <jalk of chalk linxe is 
liot feo be opened uutii the. moment wh^a 
the wo^rfcmaii is ready to flafce the liaa« ; and 
the greateft'egpedition is to' be uied 'm tho 
flaking*, in makimg the naoitar, and in ap'* ' 
plying it to ufe. By this treatment the 
cfcaHi limte wiM anfwer ivtry end of the heft 
ftbne lime; iand ftone iinae may be prepared 
and preferved ?n the higheft perfeiSidn whidb 
the nature of the lime fto|ie can adnoiit. 

The 
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The manufacturer of chalk lime who firft 
adopts thefe meafures near London will pro. 
fit by ttaem :' for ;good lime is not Only bet- 
ter, but goes farther in building, th^n bad 
lime; good chalk lime will an^er the pur- 
pofes of the foap- boiler, in half the quantity 
which they ufe of common chalk lime, the 
greater part of which ferves only to wafte 
their lees and clog their vatts ; and our fugar- 
b'ak^rs will not hefitate about the jprice of 
good chalk Ihne, when they find that it is to- 
tally foluble in pure water, and introduces no 
felemtic matter into the lugan The expor- 
tation of lime to the Weft India Iflaoids will 
be, a further incitemient towards the improve**- 
ments which 1 have fuggefted, when -the 
planters receive the information which I in- 
tend fbon to give them, coiKerning the prin- 
ciples by which /;W, i&dy admimfiered facili-' 
fates ^ ifut injudicioufly ufid impedes the^ranuh^ 
tm of the faccharine part of their cane; 
juice^ 
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SECTION XXV. 

Dlrempns to the Houfes already fluccoed with tBe 
new Cement. Obfervations on the ObjeS^dm of 
certain Artifis ; on the cementitious Works df 
the Romans ; on the experienced and unequalled 
Duration of fuch Cements ; on the Cements of 
Loriot and others ^^ and on certain Ufes of the 
Author^ s Cement. 

y I iHE inexperience of the workmen, their 
JL obftinate adherence to their own no- 
tions, and the opinion which they entertained 
that fome of the rules prefcribed to theni 
were infifted on rather through an afFeftation 
of myftery than for any ufeful purpofe, ope- 
rated flrongly againll the beft endeavours of 
MeffieursWyatt, in theincruftatious firft made 
on the great fcalei for ufe or ornament. In 
confequence of thefe difadvantages, which, 
will be obviated in future, their ftucco, al- 
though it excels others beyond compari- 
fpn and is fair from being perifliable, is not 
cjuite fo hard as it might have been made. 
This I mention, left thefe incruftatioos fhoiild 
' . be 
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. be raiftaklin for the beft, which f have re- 
prefented as exceeding Portlahd ftone in hard- 
nefs, Thefe laft demand a ftridt dbferyance pf 
the foregoing precepts refpefting the feafon 

' and the expofure as well as the materials and 
mechanical application of them, , ' 

The houfes which have been fluccoed with 
. this cement are the following : 

The north front of Mr. Delme's hpufe on 
the fouth fide of Grofvenor-Square, ftuccoed 
i\\ November and December 1778. 

The north and fouth fronts of Mr, Viner*s 
houfe in Conduit-Street, Hanover- Square, and 
the moulded walls of the area behind it, ftuc- 
coed in the fummer and autumn of 1779 : 
the fore-front reprefenting Bath ftone, the 
other front and the walls and mouldings b^ 
the area, qlofely imitating Portland ftone. 

Mr. Bond Hopkins's houfe at Wimbledon 
in Surry, ftuccoed in the fummer of 1779, 
hi every afpeft. 

P4 . Mr. 
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" ' MnfekcVs hbufe at Hamftead nenr Bir- 
' -feihgham, ftuccoed in autumn 1 779, in evefy 

These wi^ns done .; under tho dkeflion 
of Mr* Jaroes Wyatt, 

. I MUST obferve.that tKe'difcoloured fun\mit 
"oFtbe Front of Mn Vinery's houfe, is natural 
ftone ; lind thiat our cement never changes Its 
colour, like thofe which contain white lead or 
oil. This Tioufe feems tp be well finithed. 
But wheh an incruftatioh is inade in an ini-' 
proper feafoh'; when the parapet or gutters 
are defeftiye, and the rain is fufFered to pe* 
.jietrate through the fpongy bricks and recent 
itucco ; it is the fault of the workman and 
hot qf the cenrient, if the damp appears in the 
xAcrtiftation of the attic ftory, or if this part 
prit'lhould never harden oompleatly, 

IftAvE not yet teen informed of the t^ork 
done by Mr. Samuel Wyatt, except the ftuc- 
coing of tht Honowablc* Joftic« Wiltes*s 
Jioufe at littie Gwvt Eaft Barnet, on th^ 
northern fouthern and eaftern fides, in Sep- 
tember and Odober 1779 ; and a piece of 
incruftation reprefenting a very coarfe ftone, 
made in Novexnber 1778, from the foundation 

yGoo^ 
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tia^the height of the celfer ftoiy, tinXhe eaftcrti 
wadt c(f Mr. Qurzoti's houfe in iJaV^ies-Stredt 
■QrdfrenoF-Square. The earth ha4 Iftinagamft 
this wall for many years : it was ftuccbed i»^ 
niediately after the area haid been opened to 
it, and whilft it was damp ; and by The mi- 
rftake of the painter, the Aucco was painted 
nvhilft it wis fnelh : t have not ^feeft it fincc; 
i^^t I atn t<D4d that under all thefe dlfadvaiih- 
*tages 4t is incfeilapar&bly befttter 3Chan the piecfc 
of common ftucco wlvich ixieet^ k froa 
above. 

What has been fiiirJy (hewn of ^he cement^ 
in this public maimpr^has given -greater fatis* 
^<aion ;. and MeflW, Wyatt are engaged to 
jftucco a grpat number of capital iipufes with 
it seoct fummer% Thefe will be done in the 
higbeA perfe^ion, j>ecau{e the wxirksneu a^ 
now bompliitrnt.aiid experienced^ 

An impediment however ftill fubMs to 
obtlruft tlie pr6grers of this art in the public 
leAiination. ^^ni^.. interefted pertbns dili» 
gently infinuate that this cenftent has not th6 
fan5:ion of ton^ experience ; and that ho^Jve- 
ver promifing it now appears, it may niouldei- 
fdce others in a few years hence : they like- 
Wife obferve thgt only a fuperficial cruft of 
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.the above- ipentioned ftuccoes is fufficiently 
hard, but that the internal parts may eafily 

. be cut or broke ; and they reprefent the ce- 
ment as an expenfive compofition. 

This publication, which fliews it to be 
made of clean forted fands, of bone-afhes, 
and of good lime in about half the quantity 
•ufed in the common method of making naor- 
tar, renders an anfwer to the lail*mentioned 
.obje£lion quite uftneceflary. 

The fecond objedion may be thus confi- 
^ered. The fanie attraftive power, which 
draws acidulous gas from the air into lime, 
'muft neceffarily prevent any confiderable^ 
quantity of the gas from entering deeply in 
a recent incruftation, until the lime at the 
furface is faturated with it, and confequently 
until a fuperficial layer of the cement is high* 
ly indurated. The fame matter, whiph du- 
ring its acceffion hardens this part, mufl like- 
wife tend to render it clofer in the texture 
and lefs freely pervious to that which is ftill 
neceflary for the induration of the internal 
portions : and thus it happens that an incru- 
ftation ^rows harder at the iurface, in one 

^ week, 
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week, than it does deeply ia the fubftadce^ 
in a year, although bone-afhes be ufed to 
leflen the obftruition of the furface. Since 
therefore we ktiow the reafdn why the inte- 
rior parts of an incruft?ition cannot harden i:i 
a much longer time than is neceflary for the 
hardening of the exterior ; fince the mate- 
rials of the cement are the fame in the ceiji- 
tral parts as well as at the fuperfices, and 
muft be equally affefted by acidulous gas 
when it can reach to them ; fince by our ex- 
perience of old cements compofed of lime 
and fand, we know that the induration ex- 
tends equally through the mafs of them, ia 
the couife of years ; it is manifeft that our 
ftucco will harden in due tin>e through the 
whole fubftance of it, as much as it does in a 
fhort^r time at the furface, and that the ob- 
jedion^ founded on the internal weaknefs 
noticed in the firft year, is futile. 

To prove this by experiment, fcrape away 
the hardei>ed fuperficial ftratum, as I have 
often done ; and taking care to brufli off all 
that you have loofened beneath, leave the 
jiew furface of the friable part of the cement 
expofed to the air for a few weeks. You will 

find 
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feni it 16 harden like the firft furfece, whilft 
the p&rtd beneath it ftiU continue brittk* 
Yoii will perceive after a repetition of tbt 
life experita€fnt in the fame pkce, that every 
^rt ef the ftuctb is capable of acquifing 
%be hardnels of the firA furface, i& a few days^ 
ttod *onfequently that the whole will accquir* 
it in the loiiger tin^e neceflky for the entrance 
W*ciduloi>sgas through the cbm^ad exterior 

WftH regard to the obje6tions grounded 
kJti 6X3^t Ihort experience of this ceticieiit, I 
thihk they can have very little inl^atnce a^ 
IttOfigft informed men who know, from the 
\vrttlAgs of the ahtients, by the infpeftion 
of old Cements, and by the analyfis of them, 
that mortar made of lime and farnd can 
endure every trial of the weather in the 
moft expofed filuatibfis for a thoufand years 
or more. Such objedions deferve no better 
fcnlWel: than oUg^t to be giveft to an iflitetate 
IrOfidOn bricklayer, who (hould object to the 
tlfe X)f porphyry in building, bec^ufe he haS 
ftO certainty of its being lb durable as th6 

. , bricks 
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^ficks whiqh'he ha4 for many yeara ejc-s^ 
perienced. • , 

I ,AM awaf e of the opinion, which is pre:?, 
Ydlent at this time, that the antients uibdi 
fo{Qethi|;ig which is unknown to us in thaif, 
ij^ortar/ and that this long loft ingredient 19^ 
the c^^iafe of the duration and hardncfs o^' 
thofe ceoents which w^ ^ much admire* ior 
f®S»e of their ftfijaure?, .^ notipn foui)4c4 
qn $onje£ture dqes not den^aad a &rious 4i^/ 
duffion.. I lyill therefore tre^t it as a fubjffl^ 
0/ CQPverfatipn rather than pf argument, ^ 

ViTRuvius \fi the fifth chapter of th<^ 
fepoixd book of his architecture ipeaks tj^g^. 
of lime. 

•. . , . ^ 
^are autem cum recipit aquaniy & arenam 
cdK\ time conjirmat Jiru£iuramj hac ejfe cigifa 
vuietur^ quod e principiis uti caiera corpora^, it^\ 
tifaxafunt. temper ata : tS qwp plus babent aerffi^, 
ftmt tenera: qu^e aqtue^ lentafunt ab bumctre: 
qua iSerrJe^ dura : qUie ignis ^ fragiliora. IfaqUfi 
ex his /axa, fi antequam coquantur^ contufa mimHe^ 
nuxtaque arena conjiciantur in JiruSturam^ ws? 
fdidefeunty nee earn poterunt emtinere : cum vff^ft, 

cofye^0 



Digitized b^ 



[ ^^^ ] 
ctngeRa th fornacem^ tgms vehementi fervore 
correpta^ amiferint prljiina JoMhath virtutentj, 
tunc exujth^ aique exhaujiis eorum viribus^ relink 
quuntur patenUbus foraminibus^ & inanibus : ergo 
liquor J qui eji in gus lapijis corpore^ & aer cum 
exbati/lus^ & erepius fiwtt^ habueritque in fe re- 
Jidimm calorem latentem^ intin^us in aqua prius^ 
quam exeat ignis ^ vim recipit^ t§ humc^'c penetran- 
te in foraminum raritates cbnfervefcity & it a re- 
frigeratus rejiat ex calcis corpore fervorem. Idea , 
Mtem quo pondere faxa conjiciuniur in fomacemy 
cum eximuntur^ non pojfunt ad id refpondere^ ^Jed 
cum expenduntur^ eadem magm'tudine permanente^ 
excoSo liquore circiter tertia parte ponderis im- 
mnuta ejfe inveniuntur. Igitur cum patent fora- 
mina eorumj & raritates, aren^ mixiionem in fe 
corripiuntj & ita cohofrefcunt^ fccefcendoque cum 
camenis coeunt^ & efficiuntJiruSlurarum foliditatem^ 

The fame ignorance of the nature, of lime 
is betrayed by Alberti and later writers. 
And fincc we do not find any fcientific rules 
prefcribed by literary artifts, for the com- 
pofition of calcareous cements with fuch 
chofen and Ibrted materials as 1 have de- 
fcribed, or in fuch proportions of them ; and 
fince it is highly improbable that the re-' 

membrancGi 
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meiribrance of an ufeful ingredient, or any' 
knowledge orice accquired in art art practifed- 
in fo many countries nd' by fb many cifFererit* 
perfons, in every age, fhould have been loft ;'* 
we have the moft fatifaftory reafons for fcori^^ 
eluding that the antients had no ikill beyond 
that of our modern builders, in the prepara- 
tion of lime or mortar. 

The ruins of Herculaneum, and other' 
reliques of their works, furnifli us with a*' 
bubdance of bad mortar and defeflive in-' 
cruftations, which are inftances of their ig- 
norance of thofe principfes "i)y which the' 
beft cement might be made equally cheap. 
The total ruin and^ obliteration of many of 
their buildings, argue to the fame end ; for 
well cemented works fuffer very little by ^ 
dilapidation, by reafon of the difficulty and 
expence of pulling them to pieces and ap-' 
plying the materials' to other ftrudtures. If 
to thefe considerations 1 can add an expofition 
of the fortuitous circumftances which ren- 
dered fome of their cements uncommonly 
hard and durable, I hope I (hall not be fufpe£t- 
ed of ungenerous invidious motives, in fiying 
that the aqueduds and other ftruftures, 

which 
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af« i3E|QnV9>pi)te.rathlsr'of th?; good lupk; thap; 
of ?^,e?£tira0fdm|jiy/ flpUy of tliq^ .^jfhp. .bw|t 

L. . .: . ■-.: .. ; ■ '• • ':.'':' :;.i. ••• ' '> 

^rWm^ the wighbpuring qfuarne$ afFprdeir 
good lime ftone, free . froa^, ;gyfifvini, gndj 
fuch as required to be we|l burned before it 
i^Q^l^ flake freel^jr ; when the, preparatipn of 
the Jlrpfi, at the public expenee^-.affordfid act 
temptation foif ..pariJnjLo;!^ ■■ in fuel; /an4i 
whteotbe viciijii^, of.theJioae ftone,, andtj^p. 
(^xjlok confurnption: of the lime iii g^eat maf-. 
fiye wprfc5,..j)reyent9d tiJiofe i^Jxiries whicht 
kTuftai^s ix^hfig tranfporcation and pxppfure,. 
^-the:flakjng,Qf|jreat q>i,ai?titiefi^f it at once,, 
p^rjn theJcee|}ipg,of i^ortar ,n>a^e with, it ; the. 
ipprsnce of:4;hg.aftiiiscPHld uoit produce any 
de£e<St9depe.ndfin|;prj bad lijp,e,, bgcaufe necef-^ 
fity or chai^ce inforced. all that could hftye. 
heew: fpHghi: by. choice, iii this jinftwce. 

Whkjt thp vicinity: s^ffpfded. ifod, ^^|>, 
(ju^^oft ^^p,we}l fi2;ed ?9d. tefQmJDlmg.mP 
nwjftWQ of fbf ^vfe ap4 6n^;, cha^ep- ftir?^ 
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tAM ^U t^t likill cpuld aim at, in th« 
thok^ and pueparatiou of this article^ 

WitEN walls of inirtienfe thicknefs wer4 
eoriftruAed chiefly With fmill ftoiies, Ih the 
way of boulder-^work, the great conftimptioil 
of mortar' hikde every pradidable faving of 
lime ati obje6S* of great impbrtance; atid as 
the mortir tiiuft be made ftilJ'for fueh Wdrk^ 
it was tieither convenient nor necefllry to^ 
rtiix muckliiiie in it, or to uie fine fattd in it^ 
di to exclude the rubble ' from it : and thus, 
by ittotives of cfcdohomy drtd* dortvettiehce^ 
rithci^ than by a^y otihers, t1iey Wti-e led tci* 
the meafutes vMcAi infured tb the eetoent of 
fuch ftru6hires every perfedioh dependent on * 
the gbbdnefs Of Hint arid fatid ahd oil good, 
if not the beft, projiortions df them* 

WheIn the ftoiies ufed in bulldlfag tkrcfe re*; 
Gently dug, or coUefted from the beds of ri-^ 
VerS| the artifts needed no precautions ^inft 
the bad effefts of dry bibulous and dufty . 
ftones oi' bricks; and their works had, of 
aeceflity, every good quality attainable l)y 
the pradlice, which I commend, of ibaking 
thefe materials. When their, water was good^ 
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thecetnQitt akibttni£r)g iii'ltihet^s tyst trmih 
the worie^' :&)y their ignohmee/of lehe tfit o£ 
lime water. 

. .Whek tbje: flarufture w;is intended to ik?d}d^ 
^jj its own ftrength^ rat hor. than to dejpcudon. 
tiipbers ;- andwafi by, the ip)^d\ty of its bear- 
ipgsr and .the, diametqr of itsfioiaey fubftauQe,! 
i^«W.ed/^;c^^ ;. ..when. the. tbicknefs, 

c^^the^ walls^,pi:py,entedrthe. cement from ^.^g^ 
hsftjU&jrrdried^.-antJ afteriyajrdsfecured it £roia 
l^^Wg. thorougjiljc wetted 3 and when the enor- 
iriQils :we^i^ cpijtributied, to the afiprojuma^ 
t|QnTan4(»ljejGipAto£ the. j?ar]ts. of the oeipej^t 
tD each Qthecraud to the Afims ; evexy defe^a 
©f cemeutiti(DLu;5.b.uildingSy^of .a contrary de- 
fciip^tipo^was, obviated by the mature of the 
ffru(3:ure, whioh rendered it a&.perf©6J:, inthc 
hands of any artifts, as the moft confummate 
ikill, could qfij^^e our -mQ/lern.flender trftnn- 
lo\is bibnKus. wajls.. » • 

In the cohcUrrerK:e of thefe circunaf):afxdes,/ 
\ve firid'excel'fertrcemeiits' of' great antiquity,,* 
whiclt r need ilorpoiht out to literary men: 
but fiht:e rftey ar6 fou'nil no \Vh.ere elfe^ that t 
have dtltoVfered; dnd finte if is not probable, 
that the antitnts had any art off his kind un- ' 

known 

Digitized by VjOOQIC 



ktioVil to the moderns, I tKink 1 iiii autko*. 
rized to conclude that their beft cenientitibuS, 
worts, inftei^cl of being held forth as in-t 
ftances of" their unequalled Ikill, oiight rathei* 
to. he conlidered a5 fabftantial proofs of the 
duration of' mortal* or ftucco duly compofed of 
fattd and lime, beyond all others, alid of the 
titilTty of thefe endeavours which I have made 
for preparing calcareous cements according 
to fcientific "priticiples, which enable ua ta 
make them in. the higheft peifedion in al^ 
places^ arid t6. accommodate Aem to fvcr/;, 
purpofe or ufe ror ornament* . , 

1 HA vis ftvidloufly avoided ftri£l comparifbna. 
of my cement or of the beft.Rotnai} cements^* 
with the oil cements; becaufe:thB bcfljof thefer 
is private property ; not doubting that my 
liberal readers will give this filence a cpnftruc- 
tion equally favourable to the proprietors an4 
to ,me. But it is not neceflary to lay niyfelf, 
tmd^ tlie lame reftraint refpe(3:ing the re-, 
puted improvement of Monfieur Loriot, pub- . 
lilhed in 1774 at t^aris, in a pamphlet entitl*. 
cd, ^* A treatife on a new difcovery in th^ 
•*■ art a^ building, made by Monfieur Loriot, . 
•^* ihech^iic and penfionary Xq the king ; in 

^^^ Digitized by VjC ^, »,v ^ 



[ 228 J 

*'* which IS annpunccd, by order. 6f his ma-r 
jef^yj the method of conipofing a cemenC 
or mortar fit for an infinity of works as 
well in building as in decoration. " ' 



The firft half of this eflay ferves only to 
difplay the faugnine hopes and lively imagi- 
nation of the author, which tranfported him 
beyond the bounds of his knowledge in this 
fiibje<i5, and all the rules pf'phyfical induc- 
tion. In the thirty-firft page' he fays that 
** the admixture of powdered quickliiiie, in 
^^ ^ny mortar made whith flaked lime, is 
*' the moft effeiSlual method of giving it 
•* every defirablp perfefbion ; ^nd, that this 

^* is the chief difcovery which he annoiin- 
*^ ces.** ^ Iti the -next page he gives the fol- 
lowing prejEcription. ^ * 

*' Take one part of brick'-duft finely fift-^ 

" ed; two parts of fine river, fahd fkreened,' 

** and as much old flaked lime as niay^bc' 

*' fufficienf fo -form mortar with water, iii 

'V tl>€ ufual metriod, but fo wet withal as to- 

" ferve for-tliQ flaking of as much powderejl' 

** qui'ck-llmeas amobnts to one fourth of the 

*'' whole; quaM^ of brick-dufl and farid. 

';' y-'--^ ^ ^ .-^' " : '^* Whea 

• • * ' \ • „ 
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M When the materials are well niixed, em- 
*^p\oy the compofitlon quickly^ as the 
** fmalleft delay may render the application 
** of it imperfefl or iropoffible/' 

. tN the 4(>th page he fays " Another me* 
*' thod of making the compofition is, to 
^* make a mixture of the dry materials; 
*' thiit is to iay, of the fand brifck-dxift and 
*• powdered quick-lime, in the prefcribed 
^* proportion ; which mixture may be put 
^' in facks, each containing a quantity fuf^ 
^^ ficient for one or two troughs of mortar, 
^* The abovementioned old flaked lime and 
♦* water being j)repared apart, the mixture 
^* is to be made, ^u^ the mamier of j)laifter, 
^' in the inftant when it is wanted, and even 
** on the fcafFold, and is to be well chafed 
♦^ with thetroweL'*" 

To exprefs Mr. Loriot's difcorery briefly, 
and difpaffionately, I would fay, whea 
zn ignorant artift makes mortar with whiting 
inftead of lime, he can mend it confidera^ 
bly hy adding lime to it: but his mortar 
willftill be defedive, in comparifbn with 
the beft that may be made, by reafbn of the 
0^3 old 
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old fl^f jJltnie! or whiting. For an rep«9te<! 
UhU 1 fo^od tb^ to b^ the trjie ilate of tha 
wiSc.' ■ •' 

Lime fuftains lefs injury in. powdering 
fojall quantities of it in ^ jiov^red' veflfel, 
than by flatiag, iu th« ufu^l method, with 
foncii»oq jvat(5r : ai)d powdered. Jime, in the 
roixipg pf it >vith land and .vater, excites a 
jyatroth in the i»afs, which greatly wntri-' 
})utes to its dryirig or fetting quickly. Mn 
Loriot mx Ipowjpg how to (lake liroe with* 
put iwpajriog its oewenting. virtue, and 
taking th« fpsfedy exficcation as an omen of 
perfect iodvration^ imagwed the prclcrip-* 
;ioa qf powdered, lime to )^ a great improve- 
W>nt. 

If the powdering of lime, without ex- 
pofing it much to the air, were not an ex* 
pewttvit operation, I fliould have dire£bed this 
pQwdcr to ha ufed inflead of. water-flaked 
liufxe, for thofe parts of an inmi/tatm^ 
which are prevented from drybg* ia dn« 
time, by theic vicinity to the damp le^rth oc 
to proje^ons on which, the rain lodges. The 
cement to. hfi app^iid in £uch citcumiUiices 

ought. 
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ciughJt) as i * faid iii the rpe[cificdti0s), pags 
zpZf to coDtiim .more lipie idian I have prer 
icjrjbed for other fituatipns; and it i^ll be 
found the bejttpr. for being made with pow-* 
dcred quick^lime, . because it isrili dry thd 
(boner, and becoming pervious to air in cooi* 
fequence of the exhalation of its water, it 
yviU more fpeedily acquire th^t hardnefs 
which fecures it from being exhaufted of tha 
lime hy the cmiilant n:^oifture or the trick-^ 
ling rain. 

; Thb puhfic are indebted to Mr. Hardey 
for the e^perimeaQtal proofs he has given of 
the efficacy of his method of iecuring houfes 
frofxx fire ; and to lord Mahon for thoie ju** 
dicious and expenfive experiments by which 
he l^as ihewn that a calcareous incruilatipn 
anfwers the purpofes of Mr, Hartley^s art* 
I am afraid that their good intentions will be 
frufiratpd by the indifibrence of men to dif^ 
tant or iqfiprobable eviU, and their diilike to 
iany immediate expence which affords no ex-$ 
^emiporary convenience or ornament. But 
altho' fuch motives of oeconomy fhould dif^ 
fuadei^s from adopting their me^fures in tha 
fuUef): extent^ we oyght cert^ly to avdl 

ourfelves 
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ourfclves of the ufeful knowledge which 
they have imparted^ fo far as to prefer a fafc 
and durable ftucco, wherever it is appli-* 
cable by the affiftance of hair, before wainf* 
color wooden ornaments. For although no 
metallic or calcareo\|s covering can fecure 
the wood of a houfe from being charred by 
a great fire, the danger of others is leflen©d as 
the combuftible. materials Hi^e fecured from 
the aftion of the air, and .confequently from 
contributing to the deflagration* 

I have thought that the fmaH ftonies, 
which conftitute the gravel chofen for our 
roads, could not be reduced to duft fo fooii 
as they now are^ by the heavy carriages, if 
they were firmly bedded in a fmall quantity 
of > coarfe and good calcareous cement, fo 
that the bodies which roll over them (houid 
rather comprefs them, than grind theni 
againft each other as they do at prefent* 
And as the frequent failures of pavement 
are manifeftly owing to the infirmnefa of 
the ground and the loofenefs of the ftones, 
I have imagined that a folid bed of cemen- 
titious work, in the manner of the Romans, 
and the fetting of the paving (lones in good 

mortar. 
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mortar, would ultimately leffen rather than 
enhance the expence. I offer thefe con- 
jeftures in the hope, that no body will pre- 
fume to decide on the fubjedt, who does not 
know the difFerence between the common 
mortar, and the beft that can be made of lime 
and fand ; and that fome public-fpirited man 
will make the experiment, where lime is 
cheap and the expence of pavement or of 
gravel is confiderable. If the expence fhould 
be found too great for any public works of 
this kind, the lame meafures may neverthe- 
lefs bfi tried in private areas and walks, in 
which the neatnefs, duration, and prevention 
of vegetation, may compenfate for the ex- 
traordinary price. 



THE END- 



Digitized by VjOOQ IC 




• . ... J 



Digitized 'by VjOOQIC. 



Digitized by VjOOQIC 



Digitized by LjOOQIC 



